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Helical Unsupported Staircase at 
Fullwood Park, Liverpool, g 
designed by Richard Hill Ltd., 

and incorporating their 4 
‘‘ Maxweld " Reinforcements. 7 
The Richard Hill Design Service — 
will provide complete schemes 

and estimates for any type * 
of Reinforced Concrete Structure. ty 

For further information telephone: 
Middlesbrough (2206), London (e 
(Mayfair 3538), Birmingham (Mid. 56: 
Manchester (Sale* 8277/8), 
Leeds (2-7540), Bristol (24977) or — 

Glasgow (Central 2179). 
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SHEFFIELD 
COLLEGES 
OF COMMERCE 
AND 
TECHNOLOGY 
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STRUCTURAL 
STEELWORK 


Wards Structural Steelwork Dept. 
specialises in the production and 
erection of steelwork for every kind of 
building. Among contracts recently 
ae eee undertaken is notably one for the new 
colleges at Sheffield. The two photo- 
graphs were taken during course of 
construction, and are by permission of 
J. L. Womersley, Esq., Sheffield City 
Architect; Henry Smith Esq.,A.R.I.C.S., 
General Manager, Sheffield Public 
Works Department; Messrs. Gollins, 
Meivin, Ward & Partners, Chartered 
Architects. 


PSR ONG VWIOURK Sees HER EIELD 
PHONE 26311 (22 lines) * GRAMS FORWARD ° SHEFFIELD * 
LONDON OFFICE: BRETTENHAM HOUSE 


LANCASTER PLACE * STRAND * WC2. PHONE TEM 1515 


THOS. W. WARD LTD 
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Wigan and District Mining and Technical College 
A Col lege will look like this when Simon-Carves have finished 
Phase II of the College’s expansion scheme. 

Phase Il comprises additional floors 

for the classroom block, the Laboratory block 

and the building of the tower block. 

Precast concrete frames are being used throughout. 
Our comprehensive civil engineering contracting 
service is busy on railway modification schemes, college 
extensions, swimming baths, mining installations, 
offices and a wide variety of industrial plants. 
We can either build to your design 

or accept responsibility 

for every stage of your contract. 


Architects : Messrs. Howard 

V. Lobb & Partners 

in collaboration with 

Messrs. Grenfell Baines & Hargreaves. 


ILDING AND CIVIL ENGINEERING BY 


Szmon-Carves Ltd 


CHEADLE HEATH, STOCKPORT 
d at CALCUTTA JOHANNESBURG ° SYDNEY ° TORONTO 


FOR CONTEMPORARY CLADDING TOC 


‘Corroplast’ is also ideal as side-cladding for 
contemporary buildings, giving a most colourful 
and attractive appearance. Available in three 
integral shades, or in a range of stove-enamelled 
finishes. 


Write or phone to: 


HOLOPLAST LIMITED SALES OFFICE, 
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NOT WITH THIS ROOF 


An atmosphere full of moisture and acid-laden soot and 
smoke .. . that is what causes the rapid deterioration of 
the roofing and cladding of industrial buildings. How to 
deal with this menace is a problem to which, until 
recently, there has been no satisfactory solution. 

Now there is an answer—‘Corroplast’ corrugated 
sheets resist corrosion. Experience has proved that after 
many years’ exposure in the most severe conditions, 
‘Corroplast’ sheets do not deteriorate. 

These strong, rigid, laminated plastic sheets are 
economical, too. They last longer than any other sheets, 
need no maintenance, and are free from breakages in 
transit. 

For roofing and cladding where corrosion is worst, 
always specify... 


Bint 


CORRUGATED LAMINATED PLASTIC 


CAXTON STREET, LONDON, s.W.1. TEL: ABBEY 4866 
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THE FASTEST 
AND GHEAPEST WAY OF FIXING 
ATTACHMENTS LIKE THESE 

OR THREADED STUDS” 

TO A METAL SURFACE IS... 


(rompton Parkinson 
STUD WELDING 


ASK US TO PROVE IT! 


Si 5 


CROMPTON PARKINSON (STUD WELDING) LTD - 1-3 BRIXTON ROAD - LONDON SW9 - TEL: RELIANCE 7 
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Concrete with sufficient strength 
for almost any purpose 


"417 CEMENT 


Extra-rapid-hardening—quick setting 


The high strength attained by ‘417’ Cement 
within a few hours makes it invaluable for new concrete work 
of an urgent nature and for repairs to roads, sewers, 
railways, factories, etc. where it is vital there 
should be no delay in completing 


reinstatement of services. 


‘417’ cement 
ts one of 
the Blue Circle 


Write for further particulars to: 
THE CEMENT MARKETING CO. LTD., Portland House, Tothill Street, London, S.W.! 


aids for 


better building THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD., Penarth, Glam. 


G. & T. EARLE LIMITED, Hull. 
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Larssen Piling Cofferdam during the construction 
of a new Cleansing Depot for the Corporation of London 
at Brickhill Lane, E.C.4. 
City Engineer: F. J. FORTY, O.B.E., B.Sc., M.LC.E. 
Consulting Engineers: MOTT, HAY & ANDERSON 
Contractors: HOWARD FARROW LTD. 


For deep foundations 
you can rely on 


LARSSEN PILING 


TECHNICAL ADVICE AND ASSISTANCE 
The South Durham Steel and Iron Company 
Limited maintains a permanent staff of 
designers for free consultation and the 
design of Larssen Piling Structures. 


For safe soil retention to any desired depth 
and for ease of driving in all types of ground there is nothing 
to equal Larssen Piling. This tried and tested Civil Engineering 
material is now readily available in a range 
of twelve sections from which a suitable and economical 
choice can be made for any contract. 


CENTRAL SALES OFFICE: 
CARGO FLEET IRON WORKS, 
MIDDLESBROUGH, YORKS 
TELEPHONE: MIDDLESBROUGH 46311 (13 LINES) 
TELEX: 58551 


LONDON OFFICE: SHELL-MEX HOUSE, STRAND, W.C.2. 
TELEPHONE: COVENT GARDEN 1181/6 
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BORNEO BRAZIL BRITISH GUIANA BELGIUM BERMUDA 


SARAWAK 


CONGO EL SALVADOR ERITREA ETHIOPIA FINLAND FRANCE IRISH REPUBLIC TUNISIA FRENCH GUIANA 


Wonderland unravelled 


“Wonderland is everywhere in the world”’, said Alice, ‘“everywhere you don’t know”. 
Yet Wonderland to one person is home to another. Shell calls . 

130 different countries ““home’’, As major suppliers of petroleum and chemical 
products, they are an integral part of each country. To those concerned 

with construction or industrial development in unfamiliar places, someone who 
knows the lie of the land can often point the way. Ask Shell. 


Their local knowledge can likely guide you out of a maze of difficulties. 


PORTUGUESE GUINEA PUERTO RICO SPAIN TRINIDAD 


PORTUGAL you can be sure of international service 


ARR YOUR REARS AORTA ARIE CS MMRIERIRRORERaE <aNeRERST 
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This man is dangerous. 
Heavily disguised as a Buyer, he has been shown up 
as an impostor by his persistent failure to see that 


ASSOGIATED LEAD 2 highly oon- 


omical and reliable source of Lead and Antimony in 
all their forms, and particularly of RED LEAD PAINTS 


and RUSTODIAN Calcium Plumbate Paints. His firm are now 
out for his pos if any. 


This announcement is issu and on behalf of 


ASSOCIATED LEAD M ANUFACTURERS LIMITED 


CLEMENTS HOUSE, I4 GRESHAM STREET, LONDC 


IN, E.C.2, CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER 


Export enquiries to: Associated Lead Manufacturers Export Co, Ltd., Clements House, 14 Gresham Street, London, E.C 2 
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A new development in the Lightweight Concrete field 


I] 


LY TAG is used for... 


4 + = t% i oe - - 
Refractory Concrete 


Lytag provides Resistance to weather, 
Low U value, Resistance to fire and 
High Compressive strength, 


| lightweight aggregate 


Lytag is a lightweight aggregate produced from 
pulverised fuel ash by a carefully controlled sintering 
process. Spherical in shape, it has a slightly rough- 
ened surface so providing an excellent key for the 
adhesion of cement. 


It has been the subject of close scientific scrutiny 
throughout its development. 


A number of technical papers on the different uses of 
Lytag are available and will be forwarded upon 
request. 


LYTAG LIMITED 
Manor Way, Boreham Wood, Hertfordshire 
Telephone: Elstree 2854 
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TIMBER STRUCTURES 


Timber structures minimise maintenance cost, have 
a high resistance to collapse in case of fire, keep 
foundation costs down, provide simplicity of fixings 
for following trades, and are aesthetically satisfying 
on completion without further treatment. 


1. H.B. Beams up to 100 ft. span. Portals up to 
150 ft. span. North lights and cantilevers. Overhead 
suspension cranes can be included. 


2. Boxed Plywood and Stressed Skin Panels. 
Beams up to 40 ft. span. Portals up to 60 ft. span. 


38. Connectored Frameworks. Trussed girders 
up to 120 ft. span. T.D.A. industrial and domestic 
trusses. Towers up to 80 ft. high. 


4. Glulam. Beams up to 60 ft. span. Portals up to 
80 ft. span. Arches up to 120 ft. span, and other 
specialities. 


WE HAVE AN EXHIBIT AT 
THE BUILDING CENTRE 


26 STORE STREET WCE 


Enquiries are welcomed 


BEVES & CO. (STRUCTURES) LTD. Members of the BEVES GROUP 


of companies— 


BEVES & CO (STRUCTURES) LTD 


Head Office: Kingston Wharf, Shoreham-by-Sea, Sussex 
Telephone: Southwick 2285 BEVES & CO (LONDON) LTD 


BEVES & CO (FLOORS) LTD 
Telephone: Mincing Lane 9161 BEVES & CO (JOINERY) LTD 
BEVES & CO LTD., Timber Importers 


London Office: 110 Cannon St., London, E.C.4 


CVS-41 
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bP THERMALITE YTONG ‘LIMITED 
~*" HAMS HALL LEA MARSTON SUTTON COLDFIELD 
TELEPHONE: COLESHILL 2081 


DAWNAYS 


specialists in the design 
fabrication & erection of 
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TAKING 
THE LOAD 


Sections from Skinningrove have been used 
and relied upon by major industries in many 
parts of Britain and abroad. We pride ourselves 
in taking the closest personal interest in our 
customers’ requirements. 


We shall be pleased to forward a copy of our 
Section Book on request. 


The illustration above shows transmission towers on the 275 k. V. Hinkley Point to Melksham Line. 
Fabrication and Galvanising carried out by Painter Brothers Ltd. of Hereford, to whom our sections 
were supplied. Main contractors: British Insulated Callender’s Construction Company Lid. 
Tower designed by Blaw Knox Ltd. 


IRON COMPANY LIMITED 
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ACETYLENE or 
PROPANE’? 
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Does yourtype of productioncall for Propane? Acetylene? 
or both? British Oxygen Gases will give you an unbiased 
answer. Because British Oxygen supply gases for all pur- 
poses, they can help you from experience to choose the 
most efficient, most economical gas for your particular 


bein eR 


production needs. Only British Oxygen Gases has this 
breadth of experience and only British Oxygen Gases can 
offer you such a complete delivery service of industrial 
gases—incylinders, orin bulk from their nation-wide tanker 
fleet—and lend you storage tanks as well if you need them. 


BRITISH OXYGEN GASES LIMITED = 2) comoay 


27 ST. JAMES’S PLACE, LONDON, S.W.1 


Shipping bridge members 


for erection overseas 


In addition to building bridges in any part of the world, Dorman 
Long export fabricated bridge members for erection locally, often 
by semi-skilled labour. 


The illustrations show bridge girders on the way to Saigon, for 
bridges at Dong Nai and Saigon. 


Other fabricated steelwork recently sent overseas includes heavy 
steelwork for the melting shop of the Durgapur steelworks, and 
fabricated members for the Auckland Harbour Bridge and the 
Rohri Channel Bridge, Sukkur, West Pakistan. 


The Dorman Long constructional engineering shops are the largest 
in the United Kingdom and are capable of dealing with the heaviest 
classes of work as well as lighter structures. 


In the bridge yard, trial erection of structures takes place before 
the fabricated members are despatched for erection on site, whether 
at home or overseas. 


DORMAN LONG 


YORMAN LONG (Bridge & Engineering) LTD. DORMAN LONG (Steel) LTD. 
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No. 16 IN A SERIES SHOWING TECHNICAL DEVELOPMENTS IN PRE-STRESSED CONSTRUCTION, 


Pre-stressed wood—New Zealand’s 
solution to a difficult problem 


A new development in the pre- 
stressing field has been the application 
of the stressing techniques to timber 
mill floors. 

It should be pointed out at the outset, 
that this work is in the early experi- 
mental stage, but it already shows 
signs of becoming a simple solution 
to a difficult problem, ie., to control 
the effects of timber movements due 
to various conditions. 

Technical details concerning 
Johnsons wire and_ illustrations of 
other projects are available in 
brochure form. 


(Photograph by courtesy of the Auckland Star.) 


Johnsons were in at the start with wire for pre-stressing. 
Their technicians worked with the Continental pioneers 
in the development of the technique, and today Johnsons 
wire is specified in a large number of important pre- 
stressing contracts. 


——— 
| Wire was essential— | 


| 
| 
| of course? 


L_____—~~—-—-- 


ROMPT PIPESMEN WHO NEED NO PROMPTING Pipesmen Grant, 


addox, Powell and Pacitti cover four of the nine areas in Britain. Their pledge (along with 
r five other pipesmen, too busy to pose for the photographer!) is ‘delivery on the dot’. 
hichever area you are in, there is someone ready to ensure that your order for Allied cast 
on pipes, gutters and fittings is carried out promptly. He is your personal pipeline to the 
lied Service. You will issue your order or send him drawings. He will take off the quantities 
quired and send you any information you may need. You can depend on it—and him. For area 1 


slephone Stockton 65291; for area 9, Falkirk 2441; for all other areas, Wellington (Salop) 510. 
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inwater and soil goods division of ALLIED IRONFOUNDERS 
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Ore Store, 
purification and blending 
buildings at Springfield Uranium 
Plant, Lancashire. 


Photograph by courtesy ef 
United Kingdom Atomic Energy Authority. 


THE TEES SIDE BRIDGE 


& ENGINEERING WORKS LTD. 
MIDDLESBROUGH 


London Office: 56 Victoria Street, S.W.1 


Tees Side 
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Bored piles 


Augered piles 
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Composite piles 
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Large diameter pored piles 


Reinf 
orc 
ed Concrete foundat; 
lOns 


A new brochure fully describing 7 methods of Piling is available on request 


FRANKI the largest piling organisation in the world F R A N K | p | L E 


. FRANKIPILE LIMITED °« 39 VICTORIA STREET ‘ LONDON SW1° TELEPHONE ABBEY 6006-9 
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TEST BORINGS 

To ensure 

THE STABILITY OF FOUNDATIONS 
AND EARTH WORKS 


OBTAIN RELIABLE 
INFORMATION OF 
GROUND CONDITIONS 


® 
GEOPHYSICAL SURVEYS 
@ 
SOILSAMPLING & TESTING 
® 
REPORTS ON GROUND 


CONDITIONS GROUND EXPLORATIONS L!° 


75 UXBRIDGE ROAD, EALING, W5 
Phones : EALing 1145/6 and 9251/2 


2 modern methods of clamping 
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NEWALL © : NEWALLASTIC fs 
TORSHEAR y PATENT APPLIED FOR 


PATENT APPLIED FOR 
‘Newallastic Structural ’ 
developed in our laboratories at 
Possilpark, Glasgow, consists 

of an alloy bolt of 65/75 tons 
tensile strength, waisted on the 
shank, and the specially designed 
Gilbert Roberts Nut and Washer 
Assembly of high tensile steel. This 
allows the maximum tensile loading 
to be achieved, as the design 
removes the concentration of 
stresses from the thread roots 
to the shank of the bolt, which 
can then be tightened into 
the plastic range with complete 


Structural engineers 
everywhere acknowledge 
the efficiency of the Newall 
Torshear system origin- 
ated by A. P. Newall & 

Co, Ltd. in conjunction 
with the North Bar Tool 

Co. Ltd. The advantages of 
using Newall Torshear Bolts 
over the conventional torque 
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" wrench and nut runner are : 

controlled loading with visual 
inspection; reduced torsional 
effect; single-handed tightening. 


a2 


ny 


Further details concerning Newall 
Torshear Bolts will be supplied gladly on 
request, 


3 an 


A. P. NEWALL & CO., LTD, "tints sateen 


Also at London and Birmingham 
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GIRDER 
RADIAL DRILLING 
MACHINES 


MODELS E.G.4 and E.G8: 
RADIAL DRILLING MACHINES 


(for Girders, Plates, Structural Parts, etc.) 


Each model in five sizes: 4,5’, 6. 7, 8: 
(E.G.4) 4 speeds; 160—600 r.p.m. 
(E.G.8) 8 speeds; 20—500 r.p.m. 
Drills up to 2” from solid in mild steel. 


Also made with single speed. 


FRED‘ TOWN & SONS LTD J oon. 


MAKERS OF HIGH CLASS DRILLING MACHINES FOR 55 YEARS 
T.22. 
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We: quality & service 


Site investigations S 


Bored piling & Foundations 


Materials & Structural testing 


_ 


— Terresearch service has proved its worth — 


Terresearch specialists have a wide, practical experience 


in all branches of building and civil engineering, 
and full resources for carrying out investigations and 


research and sound speedy construction. 


WE HAVE SUCCESSFULLY CARRIED OUT 
SUCH WORK FOR: 
ATOMIC AND THERMAL POWER STATIONS - AIRFIELD WORKS 
RAILWAY WORKS - BRIDGES - ROAD WORKS 


MARINE AND HYDRAULIC WORKS - MULTI-STOREY OFFICES 


AND APARTMENTS - FACTORIES, etc. 


OUR BROCHURE 1S YOURS BY REQUGL—e 


Pl erresearch LIMITED 


BUILDING AND CIVIL ENGINEERING LABORATORY 
PILING AND FOUNDATION ENGINEERS & CONTRACTORS 


RUISLIP ROAD + NORTHOLT + GREENFORD + MIDDLESEX ~~ Telephone: VIKing 4306 


- Demolition & Construction | 


LONDON - CARDIFF - LIVERPOOL - NEWCASTLE-ON-TYNE 


BUILDING AND CIVIL ENGINEERING CONTRACTORS 
A Member of the Cementation Group of Companies 
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THE 

FOUNDATION 
OF 

SUCCESS 


The modern piling techniques and 
systems of Simplex are backed by over 
half a century of experience. Schemes 
and quotations for piling or reinforced 
foundations will be gladly supplied, 
without obligation, on request. 


SIMPLEX 


CONCRETE PILES 


Palace Chambers, Bridge Street, Westminster, 
London, S.W.I. Telephone: TRAfalgar 1167-9. 


CONSETT ve 
SUPERGRIP ' 
Here /neanrs... 


@ Exceptionally hard surface wear 
@ Safe and positive grip in all directions 
@ Free drainage and easy cleaning 

@ Fabrication to your requirements 


The 
SAFETY FLOORPLATE... 


THAT'S EASY TO CLEAN 


CONSETT IRON COMPANY LIMITED 
CONSETT, COUNTY DURHAM. Phone: Consett 341 
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3,000 tons of Steelwork—of welded construction 
throughout—for a new factory in South Wales for 
the Prestcold Division of the Pressed Steel Co., Ltd. 


The whole framework was erected within six months! 


Another fine achievement 


by 1. C. JONES 


AND COMPANY LIMITED 


STRUCTURAL ENGINEERS 


WOOD LANE, LONDON, W.!2. Telephone : Shepherds Bush 2020 


South Wales Office : BUTE STREET, CARDIFF Telephone : Cardiff 28786 
Works : SHEPHERDS BUSH, LONDON. NEASDEN, MIDDX. TREORCHY, GLAM 


OF COMPANIES 
eee 
 —— 
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the unique 

SAFETREAD 
resistance 
welding 

method cuts 
corrosion 


“Safetread” steel flooring is homogeneously resistance welded under 
pressure—thus closing the grain of the material and providing 
ahighly corrosion-resistant joint of great strength. ‘““Safetread”’ 
floors installed for many years under rigorous conditions show 
that the least corrosion has taken place at the point of welding. 
Welded through the neutral axis of the main bar, maximum 
strength and lateral stability is also gained. 

Engineers everywhere specify “Safetread’”’—its unique design 
and construction give greatest strength and rigidity with a 
minimum of weight which enables valuable economies to be 
effected in supporting members. “‘Safetread”’ is tailor-made to 
your specification no matter how intricate the layout. WRITE 
TO-DAY forthe “Safetread” catalogue—it’s a mine of informa- 
tion including deflection tables, safe load tables, etc., a valuable 
work of reference for the man with a flooring problem, 


SAFETREAD WELDED STEEL FLOORING 


ALLAN KENNEDY & CO. LTD., MARITIME STREET, STOCKTON ON TEES 


Tel: Stockton 65464 (4 lines) Grams: ‘Grating’ Stockton on Tees, London Office: Abford House, Wilton Road, S.W.1. Tel: ViCtorla 2539 
P4895 
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CONCRETE IN y 4 


& To eliminate risk 


CIMENT FONDU 
SHOULD BE USED 


To ensure 


complete protection 


CIMENT FONDU 
MUST BE USED 


Concrete 
made with 
CIMENT FONDU is 
COMPLETELY IMMUNE 
from the effects of 
SULPHATES 
in any concentration 


Concrete made with Ciment Fondu provides an additional margin of 
safety! It is also resistant to attack by dilute acids often prevalent in 
sulphate-bearing clays, made-up ground and many industrial effluents. 


ALUMINOUS CEMENT 


* Send for leaflet TSS-16 “The Influence of Mineral Sulphates on the Permanence of Concrete Structures.” 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED, 73, BROOK STREET, LONDON, W.1. Telephone: MAYfair 8546 


AP/69 
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McKINNEY FOUNDATIONS LIMITED 
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The 
advantages 
of 


the new technique 
of 


UNDERREAMED 
BORED 
PILING 


Foundation borings ranging from one to eight feet in diameter can be drilled at high speed to depths 
of 110 feet and their bases underreamed to provide greater load bearing area. The excayations are 


filled with concrete, reinforced if necessary. 


. A group of small diameter friction piles can be 


replaced by a single underreamed large diameter 
pile carrying its load mainly in end bearing. 


A group of small diameter end bearing piles can be 
replaced by asingle large diameter pile. This reduces 
drilling costs and an additional saving in concrete 


can be made where underreaming is possible. 

. In suitable ground a single pile can carry a load in 
excess of 2,000 tons. 

. Pile cap cosis are reduced or eliminated. 

. A long friction pile can be replaced by a shorter 
underreamed piic carrying part of its load in end 
bearing. 


6. 


10. 


Pad and strip foundations can be replaced by piles 
with or without enlarged bases. Considerable 
savings in the cost of hand excavation, timbering, 
dewatering and reinforcement can be achieved, 
even for small houses. 


The soil strata in any individual boring can be 
inspected. 


Underreamed piles can resist heavy tensile forces. 


The McKinney system of auger drilling is quiet and 
causes no vibration damage to adjacent structures. 


Other types of boring for access shafts, soakaways, 
etc., can be carried out rapidly and cheaply with 
the equipment. 


MANOR WAY, BOREHAM WOOD, HERTFORDSHIRE 


Telephone: Elstree 2854 
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A Direct Solution of the Torsional-Flexural 
Buckling of Axially Loaded Thin-Walled Bars 


by J. D. Renton, B.Sc. 
Engineering Department, University of Cambridge 


Summary 


A general solution of the equations for the torsional- 
Jexural buckling of stru‘s is presented. Expressions 
or the end conditions of the struts are found and 
heir application to the buckling of frameworks 
lescribed. 

Notation 


lo — displacement of the shear centre axis in 
the x direction. 

— displacement of the shear centre axis in 
the y direction. 


) — the angle of rotation of the section about 
the z axis. 
All differentiation is with regard to z. 

, y,2 — the principal and longitudinal axes of the 
member. 

S — the moment of inertia of the section about 


the principal axis « — x. 
— the moment of inertia of the section about 


y 
the principal axis y — y. 

y — Young’s modulus. 

r] — the pure torsional stiffness of the section. 

LK — the warping stiffness of the section. 

Yo, Vo) — the co-ordinates of the shear centre with 
regard to the centroid. 

4 — the area of the cross-section. 

0” ay 


Timoshenko’s (1) sign convention is followed through- 
ut this paper. 

The values of P and a, (the axial force and resulting 
tress) are positive for compression and negative for 
ension. 


Introduction 


The general Eulerian equations of the small 

eflection theory for the torsional-flexural buckling 
f thin-walled bars have been solved satisfactorily 
or certain types of members and end fixity!2. However 
nly approximate solutions exist for the remaining 
ases®, 

In the present analysis the Eulerian equations are 
lved and the end conditions expressed in geometrical 
arms. This enables an exact solution to be made in 
ll cases where the present theory is applicable. 


_ The Solution of the Eulerian Equations 
The Eulerian equations may be written 2) 4 


ae” ate P(uo"’ + Yo 0’) = 0, (1) 
Meter’! Be P(v9” ae 6’) — 0, (2 
JO" — BK Qi = Oe P(yotto”’ == Xptlo” ate, V2 0’) = 0, (3) 


here primes indicate differentiation with respect to z. 
rom these equa‘ions 


6 [(EIxD? + P) (ElyD? + P) { (GJ—Pro?)—EKD? | 
_ Pxo2( ET yD2+ P) + Pyo2(EIxD®+ P) ] (uo,v0 or 8) =0, 


: ; ‘ : (4) 
here D is the operator (d/dz). 


Equations (1) to (3) must hold continuously through- 
out the range of z. Therefore the coefficients of each 
independent function of z in these equations must 
be zero. The expressions for (uo, v9 and 0) resulting 
from equation (4) may be substituted in equations (1) 
to (3). Then applying the above condition the final 
form of these expressions becomes 


Uo = LU an exp.(qnz) + Upn exp.(-GnZ)] + a1 2+ a, (5) 
Yo = U[Van exp.(Ynz) + Von exp.(-gnz)] + 61 z+ Bo, (6) 
0 = [Gan exp.(¢nz) + Onn exp.(-gnz)] + YL2 a= Yous) 
for the range n = 1 to 3, where 


—Pyo O(a or b)n 
Elygut+P , 


Px 
V peeccO (a or b)n 
(a or b)n Elggut-P ; 
(8) 
an, Opn, 1, %o, B1, Bo, y1, Yo are constant coefficients 
which may be evaluated from the end conditions, and 


Ula orb) — 


Elyqn?+P 0 Pyo 
O EI xqn?+ P —Px =0 -: (9) 
—Pyo Pxg GJ—EKgy? —Pr,2 


It will be seen that equation (9) is a discriminating 
cubic in gn?; thus gn may be real or imaginary, but 
not complex. 


II. End Conditions 


In his paper on corrected discontinuities, Chilver4 
considers any element of a strut to be acted upon by 
two systems of equilibrating lateral forces. The first 
system (Sj) is the equilibrant of the end load and the 
second system (Sg) equilibrates the moments producing 
the distorted form. (See figure I). The lateral displace- 
ment of any element with co-ordinates (x, y) is 


approximately { to +(Yo—y) 9, v0 — (%o—x) 8 | 
Then 


Sxi 8z = — atds 2 { 4o + (Yo —y) 0} dz, 

Syi 62 = otds - g Vo — (%9 — x) 8 } 2, 
Bi 

Sxg 8z = — (My)' dz = — Ely uy” 82, 

Sy2 62 = (Mx)’ 82 = — Ely uv,” 82. 


The total shear forces Fx, Fy in the x, y, directions 
respectively are 


Fy = Ron + Sx2 = — [P(uo’ + Yo 0’) ae 
Eigug) = < ; ‘ - (10) 


Fy = Fats + Sy2 = — [P(v0' — x 8’) 


HBT epa't!], (11) 
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T= GUO'-EKO” 


x 
I(a) First System I(b) Second System 
cz Direction of Centroidal axis 
00 Direction of Shear Centre axis 
Fig. I. 
30tons 
01% Proor Stress Loan. 
Experimental Results : —0=— 

20tons 


Theoretical Results : 
Baker & Roderick Solution . ------ 
More Exact Solution a 


2:3"x 1-9" O:2" 
[SECTION NS_IN 
REFERENCE (3) 


me ’ 


1Otons 


| 


LENGTH (incwes) 
- Oo 


50 incHes (OO INCHES 


Fig. 11—Torsional-flexural buckling of a light-alloy channel section ; 
. 
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The total torque T is the sum of that required to 
produce the twisted form and the couples produced 
by the shear forces about the shear centre axis 


T=C]v=— EKo" + ero - 


| aSyl(%o — x), 
which becomes 
T = G] 0’ — EK 0" — P(yotto’ — xov9' + 
+ 720’). : : : : - (12) 
Integrating equations (1) to (3) indicates that Fx, Fy 
and 7 are constant along the member. 
Provided that P continues to act through the 
centroid at the end cross-sections, then at each end 
My = Elyuy", : . : : so2(13) 
Mx =—EIxv,". - . ; . (14) 
A further system of end loading known as a bi- 
moment (Bz) may occur. This is produced by equal 
and opposite couples acting about any given axis 
perpendicular to the longitudinal axis of the member. 
The bi-moment as defined by Vlasov may be expressed 
by the equation 
B,=— EK 6". ; . , : (15) 
Any permissible form of boundary condition may 
now be expressed in geometrical terms. The boundary 
conditions together with equations (5) to (9) are then 
sufficient for the solution of a problem. 


III. A Solution using the above Equations compared 
with a previous approximate solution 


Baker and Roderick? have tested aluminium alloy 
struts rigidly attached at each end to universal ball 
joint fittings. They use Timoshenko’s! equation. 

(x02 + Yo? — ro2) P3 + [(Py + Po + Ps)ro? 
— Xo2.P) — Yo?P2] P2 — ro? (Pi P2 + P2Ps 


belt) Pat PyPaPs7o°.= 0, (16) 
and take 
P} = a , Ps = zp Po= 2 (Gy + BK RP 
: ; Be 17) 
: 
LOAD. (Pouns) 
40)00!b see t 
oS 
NN 
30,000 lb Fane 


10,0001b}- 


: 10 INCHES 2OincHES BO INCHES 
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P, and Pz: are the Euler loads, and Pg is the fixed end 
torsional buckling load. However Timoshenko’s 
equation is only strictly true for compatible end 
conditions. Also P3 is derived on the assumption that 
both warping and rotation about the z axis are 
prevented at the ends. 

In the tests carried out by Baker and Roderick all the 
struts tested had at least one axis of symmetry. If it is 
assumed that at the ends of the struts the bending 
and twisting moments are zero, and that the displace- 
ment of the centroid and warping are prevented, 
then equations (5) to (9) and (12) yield the following 
equations. 


Pp 
cosh qyl/2 = 0 (0 = i far) is : - (18) 


1 nya to 1 a P 3 
a (4. igh) tann qol/2 a: («s f i) tanh q3l/2, 


(19) 


I 2 P oth gol/2 = & (one = re coth q3l/2 
92 q2 f EI, cc 12 /2 Se 93 93 ae 73 tit 
(20) 


where gn (n = 1, 2 or 3) are the roots of equation (9). 


The lowest critical loads from the two theories are 
compared in Fig. II. This graph shows the results 
for channel section N.S. tested by Baker and Roderick’. 

It is also possible to allow for the size of the end 
fittings. The equations corresponding to equations (18) 
to (20) are then 


Wad 1 5 

= : : oT 
ae Jet Ry PET, ' oy 
caer lean Tag) pear mE Oe PR | ph ml 
El xg2?+P ada Coed atks — Elyse + P 


| #r<as coth q3l/2 — pr], cz (22) 


Experimental Results : 
Theoretical Results : 
Baker & Roderick Solution 
More Exact Solution 


24'x 2%" x ig" 
(SECTION SS IN 
REFERENCE (3)] 


LENGTH UNCHES) 
————_ 


40 \NCHES: SOINCHES. GOINCHES 7O INCHES 


. Fig. 11I—Torsional-flexural buckling of a light-alloy tee section 
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1 Pxo2l(l + 2 
Tae al 4 PR+ x92 a Pre 


27(1 + 2R 
tanh qol/2 — { 2P Res + PRQqe | 
er i oO 


1 Px,2l Lhe 
| V2 Ings! 
= 93 (Elxqs?-+L) Et ee yt 


Pxo2l (1 + 2R 
{ 2P Ra + PRqs ee \| 


tanh q3l/2 — 
(23) 


where R is the distance from the end of the member 
to the centre of the universal ball joint about which 
it rotates. Equations (21) to (23) are used to find the 
lowest critical load for the tee section SS tested by 
the same authors. The results are compared in Fig. ITI. 


IV. Frameworks 


The above theory may also be applied to the buckling 
of frameworks. Tests have been made with ‘ Xylonite ’ 
models and the experimental results agree well with 
the theory. The calculations are simplified by assuming 
either infinite or zero warping restraints at the ends 
of the members. At any free joint the remaining end 
conditions may be found from the equilibrium of 
forces and moments and the compatibility of joint 
displacements and rotations. This results in a set of 
simultaneous equations from which the critical load 
may be evaluated. 

Except in the case of simple frameworks the solution 
of the above equations is too complex for manual 
calculation. However a computer programme based 
on one written by Livesley® has been used to evaluate 
the theoretical results for the above model tests. 
This programme is applicable to plane frameworks 
composed of members with bi-symmetrical sections 
or sections with one axis of symmetry and no warping 
stiffness. 
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Conclusion 


The solution of the Eulerian equations and geo- 
metrical expressions for the end conditions of a strut 
have been presented. Their application to certain 
problems has been described and a comparison made 
with an approximate theory. Though the calculations 
involved are usually more difficult than those for the 
approximate theories, it is felt that the more exact 
results may justify its use in certain cases. 
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Book Review 


A Source Book in Mathematics, Vols. I and II. 
Edited by David Eugene Smith. (New York: Dover 
Publications Inc.; London: Constable, 1960) 
8in. x 53in., 701 + xiiipp. and 701 + xiii pp. 28s. 

This new edition of an anthology of mathematical 
writings, first published in 1929, is an unabridged and 
unaltered republication in two volumes in an inex- 
pensive paperback edition. The work presents, in 
English translation, the great discoveries in mathe- 
matics from the Renaissance to the end of the nine- 
teenth century. It contains selections from one 
hundred and twenty-five treatises and articles taken 
from the writings of all the major historical figures, 
Euclid, Descartes, Gauss, Galileo, Newton, Leibnitz, 
Pascal, Riemann, Bernoulli and others and also from 
many interesting but relatively little known mathe- 
maticians. 


Volume I considers the history of mathematics 
chronologically from primitive concepts of counting 
to the great schools of Egypt, Babylonia, early and 
late Greece, the development of oriental mathematics, 
the Roman and medieval worlds, and up to the end of 
the 19th century. Volume II deals with specific 
fields and problems and indicates the gradual advance 
of arithmetic, geometry, algebra, trigonometry, calculus, 
calculating machines etc. 

Each article is preceded by a biographical intro- 
duction and footnotes supply many technical points 
outside the scope of the book and refer to disputed 
matters and original or supplementary sources. 

Hundreds of fine illustrations drawn from Egyptian 
papyri, Hindu, Chinese and Japanese manuscripts, 
Greek, Roman and medieval texts, maps, portraits, etc. 
are included in the volumes, as well as many modern 
diagrams. 
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The Stability of Beams with Buckled 
Compression Flanges 


by S. Cherry * 


Summary 


A method is proposed for estimating the elastic 
lateral instability load of beams taking into account 
the possibility of premature compression flange 
failure by local buckling. This introduces the principle 
of a hypothetical or transformed section which is 
made locally stable at every stage of the loading 
through the application of the concept of effective 
compression plate width. Using a relation for section 
transformation developed from the experimental 
results in the light of relevant theoretical work, it was 
found that the procedure suggested gave reasonable 
estimates for the critical loads of beams in which 
there is an interaction between the local and lateral 
buckling modes. 


Notation 


A — primary flexural rigidity. 

B — secondary flexural rigidity. 

C — torsional rigidity. 

Cw — warping rigidity. 

ie: — Young’s modulus of elasticity. 

G — shear modulus of elasticity. 

L — span length. 

Mer — critical moment for lateral instability. 

P,, Ps — critical loads for Euler and pure torsional 
buckling respectively for beam sections 
loaded as columns. 


b, t — width and thickness respectively of com- 
pression flange in original section. 

b — width of compression flange in transformed 
section. 

if — plate function for effective width re- 
ductions. 

61 — geometric constant of cross section. 

B 

4 (: ) 

Str — stress for local flange buckling. 

Se — stress at web-flange junction. 


Certain additional symbols are defined where first 
introduced in the text. 


1. Introduction 


The search for and development of more efficient 
structural forms has resulted in the wider use of thin- 
walled sections in which characteristic instability 
problems feature prominently in design. The general 
theory regarding the elastic instability of beams whose 
cross section shapes remain undistorted during loading 
is well known and the critical load may be obtained 
by standard solutions. However, existing theory 
does not take into account the effect of premature 
local plate buckling of thin outstanding compression 


* Assistant Professor, Department of Civil Engineering, Uni- 
versity of British Columbia. 


flanges on the overall collapse load. Apart from 
purely academic considerations, practical interest in 
this problem has recently been created as a result of 
the development of a new enthusiasm for deep welded 
plate girders in which the interaction of local and 
lateral instability may be relevant. 

The work reported in this paper was originally 
undertaken to contribute towards an understanding 
of the interaction between local and lateral instability. 
The investigation is concerned primarily with the 
behaviour of thin-walled beams subjected to loads 
in the range between the load first producing local 
elastic buckling of the compression flanges and the 
load causing overall elastic lateral instability, sub- 
sequently referred to as the ‘elastic post-buckling 
range.’ The study is confined to the case of bisymme- 
trical and monosymmetrical I-beams subjected to 
pure terminal couples acting in the plane of the web. 
Only those sections in which the compression flanges 
alone buckie are considered ; the webs are assumed 
to be sufficiently stiff so as not to undergo local 
distortion. However, it would appear that the principle 
suggested is fairly general and could be extended 
to cover other cases. 

The paper is divided into two parts. In Part Ia 
method is suggested for calculating the buckling 
strength of beams resulting from an interaction of 
local and lateral instability. Part II is devoted to 
a description of the testing programme and to a 
comparison between the calculated and experimental 
results. Some general conclusions are also drawn. 


PART 1 
2. Theory of Beam Buckling 
2.1 Monosymmetrical I- Beams of Undeformed Section 


The criterion of instability for a beam bent in its 
plane of maximum flexural stiffness is normally 
expressed as the least load necessary to produce 
a bifurcation of the equilibrium position. The 
differential equations governing the buckling condition 
for a simply supported monosymmetrical I-beam 
subjected to circular bending in the plane of the web 
have been reported by Goodier! and Timoshenko’. 
In their derivations these authors assumed that the 
secondary flexural rigidity is small in comparison 
with the primary rigidity. This restriction may be 
avoided by introducing the geometrical relationships 
between displacement and curvature as first employed 
bv Prandtl? and Michell’. With the stipulation that 
the beam is hinged about the principal axes but 
rigidly held against twist at the ends where warping 
is allowed to proceed unhindered the Prandtl-Michell 
approach leads to the following value for the moment 
corresponding to the critical state : 


— Fibs Ba erie lak ato fame pallic!\'(4 
Me = Pt a, [PERE Y (1) 
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3 Band A are the secondary and 
where y = (: ~~, ) > primary flexural rigidities res- 
; pectively. 
By is a property of the cross 


section depending only on its 
geometry and defined in the 
Appendix. 

Yo is the radius of gyration of the 
section with respect to its 
shear centre. 

n?B the Euler load for column 
sD buckling of the section about 
its minimum principal axis. 


1 _. w2Cy\ the critical load for purely 
Pg =—(C + aye , torsional column buckling of 
the section. 
Gand Gr are the torsional and warping 
rigidities respectively. 
I is the span length. 

Equation (1) is identical with the equivalent 
expression given in Timoshenko’s paper with the 
addition of the y term in the denominator. It is 
assumed that C is small in comparison with A. 

The middle half of a fixed-ended beam is in the 
same condition as a pin-ended beam and therefore 
the solution for the former case evidently corresponds 
to the calculation made by (1) provided L/z is substi- 
tuted for L in the terms defining Pjand P3. Accordingly, 
for a fixed-ended beam the P-values to be used in 


(1) are : 
2B 2 
Fy eee earns (c +) sei se 2) 


Be 
The actual support conditions associated with the 
experimental phase of this work corresponded to 
simply supported ends with full restraint against 
warping. For such boundaries the bifurcation state 
is governed by a transcendental equation to which 
a trial and error procedure must be applied to yield 
the critical moment for instability. The use of the 
transcendental equation for treating the interacted 
buckling problem by the method subsequently proposed 
is tedious and unwarranted. A direct solution providing 
a reasonable estimate to the equation can be obtained 
by noting that the ends are hinged as regards bending 
but effectively built in as regards twisting. This 
suggests using (1) as an approximation to the trans- 
cendental solution for the critical moment but with 
P, and P3 having the mixed values 


ager 1 An2C : 
ame ara Poo A(c+ or) . - (3) 
to account for the dissimilar end conditions. According- 


ly, the form of the approximate equation governing 
all subsequent work becomes : 
472C 
= T2 :) (4) 


2BB 4B2B,2 2 
ei Page 61 + FB (c 
Baker® and Roderick have obtained satisfactory 


2yL? 4y2L4 yl? 
results by applying this method of approach to strut 
tests and Flint®, in effect, has analyzed plastic buckling 
of I-beams using the same principle. 


2.2 Treatment of Beams with Locally Buckled 
Compression Flanges . 
(a) Post-Buckling Behaviour and the Transformed 
Section 
_ When flange plate buckling precedes the primary 
instability condition the values of the rigidities upon 
which the predictions of the critical moment depend 
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become a function of applied stress, decreasing with 
increasing stress due to the growth of the accompanying 
wave formations. While local failure does not neces- 
sarily pre-suppose immediate collapse of the parent 
section, the inception of the critical state of buckling 
is accelerated and beams become unstable laterally 
in combination with a local distortion of their cross 
sections at loads which are less than those given by (4). 
In discussing the occurrence of a combined instability 
involving both local waving of the compression flange 
and its lateral displacement the problem primarily, 
therefore, is to determine the rate at which the rigidities 
A,B,C, and Cw are reduced once the flange stresses 
due to bending about the major principal axis of the 
beam are sufficient to produce local buckling of the 
compression plates. 


| 


FULLY ees — ELASTIC THEORY 
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\ 
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BRANCH 
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<t 

Oo 
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x BUCKLING 
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Fig. 1.._Diagram Illustrating Lateral Buckling Strength 
of Locally Post-Buckled Beams. 


A qualitative picture showing the variation in 
buckling strength for a section suffering from local 
distortion is shown in Fig. 1. Between the onset of 
local instability and final overall collapse (the post- 
buckling range) the beam buckles elastically provided 
plastic deformations do not occur. When the yield 
stress at any point in the beam is exceeded the rate 
at which the effective beam rigidities are diminished 
is increased further and lateral collapse takes place 
with the section in a plastic post-buckled condition. 
The ultimate strength obtainable coincides with the 
fully plastic, moment of the original undeformed beam. 
The studies which follow are mainly concerned with 
the elastic branch of the interaction curve. 

The theoretical complexity of the post-buckling 
behaviour of plate assemblies precludes an analytical 
treatment for the evaluation of modified rigidity — 
values corresponding to varying stress levels. However, 
it is possible to compensate continuously, and in a 
fairly simple manner, for the extent to which the 
values of the initial rigidities are reduced once the 
applied loads reach a magnitude sufficient to produce 
local flange buckling. This is conveniently accomplished 


ais 
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by introducing the concept of a transformed section 
through the use of the principle of effective width 
which has been well established for plate instability 
work involving post-buckling behaviour. 

von Karman’ first proposed the idea of equivalent 
width as a semi-empirical procedure to evaluate the 
ultimate load carrying capacity of single plates 
exhibiting a post-buckling strength. Later, Winter§ 
established experimentally that this principle could 
similarly be applied to the compression elements 
representing component parts of structural members 
and was also valid at stresses below the yield point. 

According to the basic hypothesis, the stress in 
the regions most heavily distorted by tbe local wave 
formations remains substantially constant at the 
critical value while the constrained portions of the 
plate continue to function and carry the increased 
stress above the critical. Then for beam sections of 
the type under discussion, at any stage of loading 
beyond the critical, the buckled flange of width 6 and 
the actual non-uniform stress distribution, Fig. 2, is 
replaced by a reduced width, b, which is assumed 
fully effective and uniformly stressed to the maximum 
value of the actual distribution. The value of 0 is 
defined so that the total load carried by the actual 
andffictitious flange is identical. 


IDEALIZED 
DISTRISUTION 


“ACTUAL 
DISTRIBUTION 


Fig. 2.—Stress Variations in Post-Buckled Flange. 


Theoretical? and experimental’ studies have indi- 


cated that b can be expressed as a function of cer, the 
critical stress corresponding to the onset of local 
buckling, oe, the bending compressive stress at the 
web-flange junction, and b. This relationship may be 
written in non-dimensional form as 


ee 


where f is a function of cer/ae alone. Once the plate 
function f is established the compression flange width 
can be reduced continuously with increased applied 
moments through the relation represented by (5). 
For the converted section the corresponding beam 
properties A, B, C, Cw and {; can then be computed 


and are taken as the effective properties of the section. 


The procedure suggested for treating post-buckled 


beams therefore involves continuously transforming 


original bisymmetrical I-beam into a monosymme- 


21g 


trical I and the original T-beam into a narrower T. 
In this manner the section is made locally stable at 
every stage of the loading and the fundamental 
equation, (4), developed for the critical moment of 
non-deformed sections can be used to evaluate the 
interacted critical load. 


(b) Selection of the Plate Function i 


The appropriate plate function can best be determined 
from the evidence of experimental tests. Guided 
initially by von Karman’s general form the following 
expression for compression flange reduction was 
developed by trial from the test data reported in 
Part II : 


b 4 E : 
(}) = (2):86 is f= . - ° : (6) 


valid for 0:48 < - - < 1-16, the range considered 

%e 
in the tests. £ is the modulus of elasticity of the 
material and / the flange thickness. Stability calcula- 
tions for sections transformed according to (6) provide a 
reasonable fit to the buckling strength obtained by 
tests for beams exhibiting an interaction of the 
instability modes. 


Iquation (6) indicates that local buckling commences 


b 
b 


thirds the theoretical critical for a flange having 
fixed-free boundaries along the unloaded edges. 
This is not particularly unusual; as a result of in- 
evitable initial deviations from flatness plates normally 
buckle at stresses well below the critical and the 
results of (6) are therefore consistent with experimental 
observations, including those contained in Part II of 
this paper. 


1) at a stress of approximately }i two- 


(c) Method of Solution 


At any stage in the elastic post-buckling range the 
modified rigidities and the section property B; may 
be determined by standard calculations using a 
transformed section with effective compression flange 
width 6 corresponding to the junction stress oe as 
defined by (6). Denoting the values in the post- 
buckled state by bar quantities, the critical moment 
of a post-buckled beam may be written as : 

oS 2h62 . /nBtpe.. wb? (a. 40°Cy 
Mer =a x £,f 47214 —+- 72 (c+ 72 ) 

(7) 


This must equal the moment of resistance of the 
converted beam by the conventional bending formula 
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in which ¢ is taken as the distance from the centroid 
of the section to the centre of the compression flange. 
For any selected value of Ge, Go S Ge < Gy, where cy 
corresponds to the 0-1 percent proof stress and oo 
defines the stress at which post-buckling reductions 
first become effective (v/p = 1), the moments given 
by (7) and (8) are equated and the unknown critical 
span length, Ler, is determined by solving the resulting 
quadratic in L?, or smply by a pvocess of trial and 
error. 

For the elastic post-buckling range the M—L 
curves shown in Part II have been evaluated in this 
manner. 


Fig. 3.—View of Typical Experimental Arrangement. 


PART II 
3. Experimental Programme 


3.1 Description of Tests, Apparatus, Specimens and 
Measurements 


To study the behaviour of beams failing in a 
combined ‘ local-cum-lateral’ buckling mode six main 
series of tests were conducted in which specimen 
dimensions and material properties were varied. 
Five of the series, designated P, A, B, C and D were 
concerned with experiments on I-beams and the sixth 
or T-series with an investigation of T-beams. All 
specimens were loaded under conditions of pure end 
couples so that every element of beam length could be 
expected to contribute to the overall interaction effect 
to the same degree. The critical moment was obtained 
experimentally in each case and a record was made 
of onset of local flange buckling and of wave length. 
Various deflection and strain measurements were also 
taken on representative specimens of the different 
series. 

A general view of the dead load system used for the 
tests is shown in Fig. 3. The apparatus consisted of 
two independent but identical end frames from which 
welded square boxes for loading and support were 
suspended by long thin steel plates. The box fittings 
were open at one end to receive the test specimens 
which were centered therein by appropriate packing 
pieces and securely clamped in position by means of 
set screws threaded into the walls of the boxes. This 
had the effect of rigidly preventing warping of the end 
sections of the beams. The extremely flexible plates 
acted as hinges and permitted the ends of the beams 
to rotate freely with respect to their principal axes 
while preventing twist about their longitudinal axes. 
At the same time, relative axial movement of the 
supports was possible thereby ensuring that no axial 
load developed. The use of plate-suspended box 
supports therefore fulfilled the idealized end conditions 
which lead to the critical state represented by equation 
(4). A uniform bending moment was applied to the 
beams by means of lever aris which were welded to 
the closed ends of the box fittings and which supported 
loading platforms carrying moulded lead weights. 
The general arrangement depicted allowed considerable 
flexibility in length and type of section which could 
be accommodated. 
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To provide a significant elastic range for the develop- 
ment of a locally post-buckled state of the outstanding 
compression elements it was necessary to reduce the 
flange thicknesses of various standard aluminium 
extrusions of I and T-form in a milling machine. 
The P-series specimens, which were used for preliminary 
tests to determine the feasibility of proceeding with 
more extensive experiments, were prepared in the 
department workshops and due to limitations imposed 
by the milling machine some variations in flange 
thickness were noted. However, for the principal 
test series A, B, C, D and T, extrusions of 14-foot 
lengths were modified in an aeronautical spar miller 
and a consistent set of specimens was obtained. Only 
the flanges were machined ; the relatively thick webs 
were unaltered and did not experience any local 
buckling. The average measured cross section dimen- 
sions of the different series are summarized in Table I. 

In series A and T the elastic range available for 
the development of the post-buckled state was relatively 
large and the conception of the instability load as the 
minimum moment at which the bifurcation condition 
could be established by a slight disturbing force 
provided a practical experimental method for eva- 
luating the critical buckling moment. In the remaining 
series the available post-buckling range was comp- 
aratively small and generally bifurcation could not be 
established in this manner ; any sideways disturbance 
caused immediate collapse. Consequently, the critical 
moment was taken as the moment causing collapse. 

The deflection modes corresponding to local and 
lateral instability were established by independent 
means. A gauge based on the optical-lever principle 
was developed to detect the onset of local buckling 
and was arranged to measure the local deflection of 
the flange relative to the web. Gauges of this type 
were normally fitted in pairs to a test beam in the 
region of the half or quarter point of the span. An 
additional indication of the onset of plate buckling 


Fig. 4.—View of Instrumentation. 
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TABLE I 


Average Section Dimensions and Mechanical Properties 


Overall Web 
Test depth thickness 
Series ins. 


Flange 
thickness 


Modulus 
of Elasticity 
x10* t.s.i. 


0-1% Proof 
Material Stress 


ins. t.s.i. 


1-863 
2-845 
2-915 
2-842 
* -816 
(T-beam) 2-451 


ie 
A 
B 
Cc 
D 
Ah 


was obtained by the concept of strain reversal using 
pairs of electrical resistance strain gauges mounted 
along the unsupported edges on opposite faces of 
the flanges. At the bifurcation or collapse condition 
a trace of the local buckled mode was obtained and 
measurements of the wave length thereby recorded. 
Measurements of the horizontal and vertical deflection 
and rotation of the centre section of selected beams 
in each series were obtained by means of standard 
mechanical dial gauges. Fig. 4 shows the typical 
instrumentation arrangement used for the various 
series. 

The mechanical properties of the alloy material 
from which the I and T-sections were extruded were 
determined from tensile tests on coupons removed 
from the web and machined flanges of each extrusion. 
The averages of the elastic values which were used in 
the stability calculations are summarized in Table I. 

Standard bend and twist tests were performed on 
the machined extrusions in order to measure experi- 
mentally the average values of the flexural and torsional 
rigidities. These quantities were used in subsequent 
theoretical instability computations for the non- 
deformed sections. 


TABLE II 
Average Local Buckling Stress and Wave Length 


Wave Length— 
ins. 


Local Buckling 


Observed Theory* 


Moment | Flange Flange ||Measured | Theory** 


in. Stress Stress 
tons £,8:1, t.s.i. 


oo oo 
NN wo 


4-97 7°28 9-70 
10-50 11-30 16-48 
9-36 10-63 13-22 
9-00 10-53 13-98 
3-02 7°95 9-43 


Go tee Kertk t 
niet === 42) \B/a 


Avyowrd 
OA RRR to 
oCIYdHedd 
Roa) 


y where K = 1-328; 
= 0-25 (see Ref. 11). 


** Wave length = 2kw where k = 1:68; w =clear 
flange wid-h (see Ref. 12). 


3.2 Discussion of Results 


Results of the local buckling observations are 
‘summarized in Table II and compared with the 
theoretical values for flat plates based on fixed-free 
boundary conditions along the unloaded edges. The 
application of the principle of moment distribution!? 


0-0423 
0-0628 
0-0830 
0-0746 
0-0749 
0-0526 


HE 15 WP 27: 
HE 15 WP 29- 
HE 11 WP 25: 
Noral 65 ST 17- 
HE 11 WP 24- 
DTD 363 A 34- 


NOD oe 


to the sections indicated that full restraint was provided 
at the web junction. In all cases the experimental 
critical stresses were lower than those derived from 
theoretical consideration, the order of magnitude 
being about 30 percent. This is not excessive for 
experiments of this kind and can probably be attributed 
to the effects of imperfections and deviations from 
flatness. Average critical values have not been reported 
for the P-series due to inconsistencies resulting from 
the previously mentioned variationsin flange thicknesses. 
Table II also compares the results of the average 
measured wave lengths with the corresponding theore- 
tical values deduced from plate theory. The agreement 
is very reasonable. Although slight variations in 
wave lengths with location along the span were 
sometimes noted, the length of an individual wave 
remained essentially constant during a test. 
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Fig. 5..Comparison of Calculated and Experimental 
Results for P-Series I-Beams. 


In Figs. 5 to 10 inclusive the observed critical 
moments for the beams of the different series are 
plotted against the span lengths and compared with 
the theory. The elastic buckling curves for the original 
non-distorted sections are shown on the figures as 
broken lines and are based on the average measured 
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Fig. 6.—Comparison of Calculated and Experimental 


Results for A-Series I-Beams. 


values of stiffmesses and elastic moduli. The post- 
buckling curves are shown as solid lines, the elastic 
portion being derived by the method set down in Part I. 
When local buckling and yielding progress simultane- 
ously the plastic post-buckling variation is estimated 
by a straight line joining the critical moment for the 
transformed section corresponding to 0-1 percent 
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Fig. 8.—Comparison of Calculated and Experimental 


Results for C-Series I-Beams. 
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INCH TONS 


MOMENT 


LENGTH INCHES 
Fig. 7.—Comparison of Calculated and Experimenta, 
_ Results for B-Series I-Beams. 


proof stress with the fully plastic moment for this 
same section. For this purpose the material was 
assumed as ideally elastic-plastic. It should be 
recognised that this simple treatment for the plastic 
branch of the curve is only very approximate. A 
detailed analysis for the conditions existing over this 
range is beyond the scope of this paper. 
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Fig 9-—Comparison of Calculated and Experimental 
Results for D Series I-Beams. 
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Fig. 10.—Comparison of Calculated and Experimental 
Results for T-Series T-Beams. 


The post-buckling strength is markedly illustrated 
in the different figures. This strength decreases with 
increasing values of test span and tends towards the 
Euler curve as the critical length at which both local 
and overall instability are equal is approached. The 
experimental points form a discontinuous break from 
the Euler relation indicating the predominating 
influence of local buckling. In general, when the 
scatter of some of the results is explained, the trans- 
formed section solution can be seen to provide a 
reasonable estimate to the overall stability strength 
in the elastic post-buckling range. 

The test results for the P-series beams are plotted 
on Fig. 5 from which it may be seen that a significant 
post-buckling strength was indicated. It was felt 
that these preliminary experiments were sufficiently 
promising to justify more detailed and extensive 
tests and it was on this basis that the five major 
series of the experimental programme were formulated. 

The group A beams possessed a large elastic reserve 
for post-buckling development, the ratio of moment 
for developing a 0-1 percent proof stress if local 
buckling was absent to moment causing plate instabi- 
lity, subsequently referred to as the reserve ratio, 
being 4. The experimental points, Fig. 6, exhibit a 
surprisingly small amount of scatter and may be 
seen to lie along a smooth curve. The test results and 
the theoretical equivalents for the three longest spans 
are reported separately in an insert in the upper 
portion of the figure. The measured stiffnesses for the 
extrusion from which these beams were taken were 
slightly below specification and were not included in 
the calculations for the averages of this series. These 
three beams did not suffer from noticeable local 
distortion and by their close agreement with theory 
tend to confirm a general trend indicated, namely, 
that the section is fully effective when local buckling 
is absent. 
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Because of their short spans, the 9 and 12-inch 
specimens were tested in a standard mechanical 
machine using a four point loading system. Load 
and support was applied through ball races to reduce 
lateral restraint and provide hinged conditions. Failure 
was due to a combination of lateral movement of the 
compression flange and tearing of the material at 
the web-flange junction, presumably due to the large 
local distortions. 

The beams of the B-series had a reserve ratio of 
2:2 and were designed so that the experimental points, 
Fig. 7, might exhibit a more marked discontinuity 
at their point of departure from the Euler curve than 
that noticed with the A-group. Due to the limited 
number of tests involved this series was not permitted 
to influence strongly the empirical relation ultimately 
adopted for section transformation. Nevertheless, 
the suggested approach still provided a reasonable 
estimate to the interacted instability strength. 

The C and D tests, Figs. 8 and 9, were undertaken 
to study the effect of the relative occurrence of onset 
of yield and local instability on the buckling strength. 
Both groups were designed to have identical section 
dimensions but different 0-1 percent proof limits. 
The D-specimens were selected to exhibit an elastic 
post-buckling condition and the reserve ratio actually 
obtained with this group was 2-3. The C-series was 
designed so that local buckling and yielding commenced 
simultaneously but due to deviations from the 
expected proof and buckling stresses an unintended 
reserve ratio of 1-6 was experienced by the members 
of this group. Unlike the behaviour of thin-walled 
columns, due to the presence of an elastic core, plastic 
buckling of beam flanges need not lead to immediate 
collapse of the parent section. However, for small 
elastic reserve ratios, under the combined action of 
local deformation and plastic growth this core would 
be rapidly depleted and the instability load would 
increase relatively little over a range of test spans. 


Fig. 11.—50-inch T-Series Beam at Bifurcation 
Condition. 


Fig. 12.—48-inch A-Series Beam at Collapse 
Condition. 


Fig. 13.—Two Views of 95-inch C-Series Beam at 
Collapse Condition. 
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While there is a tendency in this direction for the 
C-beams, due to the limited number of tests involved 
and the degree of scatter observed firm conclusions 
on this point are not justified. The scatter noted in 
the C-results can be attributed, at least in part, to 
variations in material properties; the 0-1 per cent 
proof stresses and the elastic moduli of the two different 
extrusions from which the 55-inch specimens were 
removed differed by 17 per cent and 6 per cent respect- 
ively. As expected, the group D-beams were capable 
of supporting the greatest loads. 


Fig. 14._Typical Local Wave Shapes. Centre Section 
of 53-inch B-Series Beam at Collapse Condition. 


The application of the transformation principle 
to sections originally monosymmetric is illustrated in 
Fig. 10, which presents the results obtained with 
beams of T-form. The specimens of this series exhibited 
a reserve ratio of 4-3 and behaved in a manner similar 
to that observed with the group A sections. The 
tigidities of the T-beams were relatively small and 
in the longer spans sizeable lateral deflections and 
rotations were recorded from the beginning of loading. 
It is probable that this contributed to the strength 
reductions noted with the longer spans. 

Figs. 11, 12 and 13 present respective views of the 
50-inch T-beam at bifurcation, the 48-inch A-beam at 
collapse and the 95-inch C-beam at collapse. A close 
up of the wave shapes at the centre section of the 
53-inch B-beam at the collapse condition is shown 
in Fig. 14. 


3.3 Concluding Remarks 


The experiments reveal that the phenomenon of 
interaction between local and lateral buckling can 
be a very real and significant feature of the general 
instability problem. The margin of strength exhibited 
by beams beyond the first occurrence of local instability 
may be appreciable and varies widely according to 
the span length and material of the section. This 
strength decreases with increasing span since beam buck- 
ling then becomes increasingly important and predomi- 
nates. When material yielding and local failure 
proceed simultaneously indications are that the post- 
buckling strength is rapidly exhausted and collapse 
takes place suddenly. The agreement obtained between 
the calculated and observed results supports the 
suggestion that the reduction in strength of post- 
buckled beams may be accounted for through the 
concept of a transformed section as outlined in the 
main body of this paper. 
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Appendix 
The Section Property (6; 
Since the term {; is a function of } it must also be 


modified continuously in post-buckled beams. It may 
be shown? that the expression for {; is given by 


| 844 | yaa" 


A’ + A’ 
Bi = Tx 2Vo 


where x, y define the coordinates of any point in the 
section measured relative to the centroidal principal 
axes and Yo is the coordinate of the shear centre with 
tespect to the same origin. J x is the major centroidal 
moment of inertia of the section. Upon integrating 
over the section area A’ and simplifying a systematic 
computation schedule may be set down for 8}. 
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Discussion 


The Council would be glad to consider the publication of 
correspondence in connection with the above paper. Commu- 
nications on this subject intended for publication should be 
forwarded to reach the Institution by November 30th, 1960. 


Book Review 


Fracture. Proceedings of an International Conference 
on the Atomic Mechanisms of Fracture, held in 
Swampscott, Massachusetts, April 12-16, 1959. Edited 
by B. L. Averbach, D. K. Felbeck, G. T. Hahn and 
D. A. Thomas. (The Technology Press of Massachusetts 
Institute of Technology, and New York: John Wiley, 
London: Chapman & Hall, 1959). Qin. x 6in., 
646 + xvii pp. 140s. ; : 

This conference, sponsored by the National Science 
Foundation Office of Naval Research, the Air Force 
Office of Scientific Research and the Ship Structure 
Committee and organized and directed by the Con- 
ference on Fracture of the National Academy of 
Sciences National Research Council, was attended 
by experts in the field from many countries. : 

The Conference was concerned with the question of 
what actually occurs on an atomic scale when materials 


fracture, and the papers dealt with current theories 
and experiments on cleavage, ductile, fatigue and 
high-temperature mechanisms of fracture for metals, 
ceramics and polymers, but the field of engineering 
fracture mechanics was not included. 

During the first part of the Conference the twenty- 
seven papers printed in this volume were delivered at 
session open to the scientific public. After this, invited 
members met as a Fracture Research Planning 
Conference to consider the current status of the theo- 
retical and experimental problems that had been 
presented during the public sessions. The summarizing 
reports of the chairmen of the Conference meetings 
constitute the first chapter of this volume. 

The book is extremely well produced and illustrated 
and each paper contains a bibliography of related 
references, 
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Groups of Piles Under Mono-Planar Forces 


by L. D. Turzynski, A.M.I.Struct.E. 


INTRODUCTION 


To transfer loads of structures through soft upper 
layers of soil to harder strata below, piling is currently 
adopted. ° 


Considerable literature has therefore appeared, in 
which attempts are made to obtain means of solving 
the statically indeterminate pile groups by making 
reasonable simplifying assumptions and adopting 
known methods of analysis to arrive at the actual 
loads in the piles. 


Most of the available methods, however, lack speed 
and flexibility, and the effects of the various steps in 
the analysis are not clearly illustrated, mainly because 
the approach is not essentially a physical one. 


The general solution usually given by a series of 
equations expressed in general terms, is very laborious, 
time consuming, prone to errors and does not give the 
designer the ‘ feel’ of the structure. 


The semigraphical method of approach, although 
fairly straightforward to use is very time consuming 
especially if one considers a multipile asymmetrical 
pile cap subjected to several load conditions. 


In the relaxation or indirect method of approach 
in which the out of balance forces and moments are 
gradually eliminated by an iterative process, the 
convergence may be so slow in practice, that the 
necessary amount of work may become prohibitive. 
Furthermore, no advantage can be taken of one 
solution for a given pile cap for checking the effects 
of several other load conditions if present. 


As in the majority of cases several load conditions 
must be considered, for example in bridge abutments, 
the disadvantages of the above methods are obvious. 
A method most suitable from this point of view 
would be one in which the applied loads could be 
separated entirely from the geometrical and physical 
properties of the pile cap, so that any alteration in 
the applied loads would not affect that part of the 
solution which is governed by the physical and geo- 
metrical properties only. 


The method of influence coefficients has suggested 
to the author a possible approach which would meet 
most of the requirements stated above. The analysis 
is divided into simple steps of purely numerical 
calculations which can be readily checked. By tabu- 
lating the various steps the operations can be ‘ stream- 
lined’ for an efficient office procedure. The final 
result gives a set of equations which express the loads 
in the piles in terms of the applied loads, and hence 
any combination of them can easily be checked. 


ASSUMPTIONS 


The general assumptions upon which a solution is 
obtained for a group of piles acted upon by forces and 


a moment in one plane only are listed below :— 


1. Passive resistance of soil to horizontal forces is 
negligible. 
2. Piles are assumed hinged at the head and toe. 


3. The rigidity of the pile cap is such that the effect 
of its deformation is negligible compared with the 
deformation of the individual piles. 


4, Within the range of permissible loading all piles 
deform elastically. 


5. Young’s modulus, cross-sectional area and length 
for individual piles are constant. 


Since there is already an extensive literature on the 
views of engineers regarding assumptions 1 to 4 they 
will not be discussed here, and reference should be 
made to the bibliography listed at the end of this 
article (1) (2) (3) and (4). 

Assumption 5 is not essential for obtaining the 
solution but since it is very unlikely that for any 
given foundation more than one size of pile would be 
adopted especially if bored reinforced concrete piles 
are used, then the assumption seems to be justified, 
considering that it somewhat simplifies the arithmetic. 
Nevertheless, should such a case arise the relative 
stiffnesses of the various piles can easily be evaluated 
and included in the solution (5). 


THEORY 


1. General Considerations— 


Under the action of external forces and a moment 
the assumed rigid pile cap will be translated to a 
definite final position in the plane considered. Any 
position in that plane can in fact be reached by three 
basic displacements i.e. vertical, horizontal and 
rotational here denoted by Av, AH and ArR 
respectively. 


To evaluate the final load on any pile in a group, 
the three basic displacements must first be determined. 
This can be done very conveniently by adopting the 
method of influence coefficients, which can be applied 
to many problems of statically indeterminate 
structures (6). The influence coefficients are defined 
as the effects of unit displacements of the pile cap on 
the individual piles, and are derived in Part 2 below. 


Using matrix notation, the influence coefficients for 
a given pile can be put in the form of a flexibility 
matrix which will express the sensitivity of that pile 
to the three unit displacements. The sum of the 
flexibility matrices for the individual piles is then 
equal to the flexibility matrix for the pile group. 
The method of evaluating the final displacements 
using the flexibility matrix for the group will be 
described in Part 2. ‘ 


The derivation of the influence coefficients or the 
elements of the flexibility matrix for a pile inclined 
at an angle @ to the vertical and distant x from the 
centre of rotation will be carried out separately for 
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the three basic unit displacements and the result 
summed up. 


\ 
| GAM ibid, ea ap 


FIG.]. 


2. Derivation of the elements of the Flexibility Matrix— 
(a) Unit vertical displacement Av = 1. 


If the pile cap shown on Fig. 1 deflects vertically 
downwards by Av =1 then the deformation of a 
vertical pile is equal to AA’ = 1 and the deformation 
of a raking pile is equal to 

BC = BB' cos @ = cos @ 

If the reaction on the vertical pile caused by the 
unit deflection of the cap is assumed to be unity, 
then the axial reaction on a raking pile will be equal 
to cos © 


FIG S24. 


(b) Unit horizontal displacement Ah = 1. 


When the pile cap deflects horizontally Ah = 1 
(see Fig. 2) there is no axial deflection for a vertical 
pile (the slight increase in length considered negligible) 
and therefore no reaction. The deflection of a raking 
pile is equal to 

AB= AA' sin @ =sin @ 
and, as before, the axial reaction on a raking pile is 
equal to sin 2. 
(c) Umit rotation Ar = 1. 

Due to unit rotation Av = 1 (see Fig. 3) the head of 

the pile will deflect from A to A’ where 
mA =A = % 
Therefore the deflection of any raking pile is 
AB = AA'cos @ =x Cos @ 
consequently, as above, the axial reaction on a raking 
pile due to unit rotation is equal to x cos ©. 
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PIGS: 


Summarizing therefore, the total axial reaction on 
any raking pile due to the three displacements is 
given by :— 

cos @ + sin @ +x cos @ 

Since the externally applied loads acting on the 
pile cap can be conveniently expressed in terms of 
the three resultants V, H and M, 1.e. a vertical and 
horizontal force and a moment about any point, 
taken here as the pile group centre, as defined later, 
then the effects of the axial reactions of the individual 
piles on the pile cap due to the unit displacements will 
have to be expressed in similar forces and a moment. 
If we denote the vertical and horizontal components 
of the axial force and the moment that the vertical 
component will produce at the pile group centre by 
v, h and m respectively, then using matrix notation 
they are given by :— 


een COSMS cos @ O 0 
h sin B 0 sin @ O 
m x COS B 0 0 x COS @ 


carrying out the row by column multiplication 


v | — | cos? @ cos B sin @ x cos? @ 
h cos @ sin @ sin? @ x COS B sin S 
m x COS? & xcos B sin @ x* cos? w 


(1) 
Since the forces v and # and the moment m are the 
results of unit deformations the matrix on the right 
hand side of the equation is the flexibility matrix and 
its elements the flexibility coefficients for any given 
raking pile. Here it must be remembered that for 
a vertical pile the angle @ = Oand therefore cos @ = 1 
and sin @ = 0 which on substitution give the flexi- 
bility matrix for a vertical pile. 

As one would expect, the flexibility matrix is a 
symmetrical one since for example the vertical reaction 
due to a horizontal deflection must be equal to the 
horizontal reaction due to a vertical deflection etc. 

The flexibility matrix for the pile group as stated 
before is equal to the sum of the flexibility matrices 
for the individual piles. Therefore, in general terms 
the flexibility matrix for the whole group takes the 
form :— 

@1 412 413 


421 422 423 
431 432 433 


S 
LS 


where each element is equal to the sum of the elements 
of the individual pile flexibility matrices, or the 
appropriate individual pile influence coefficients, 

i.e. a1 = Lcos? @ aye= Leos S sin © ete. 
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The relationship between the applied forces and 
moments about the pile group centre and the three 
final basic displacements is then given by : 


Vai | ONY a1 a2 413 
H AH ag, deg deg X . (3) 
M AR a31 432 433 


If there is only one load condition acting on the pile 
cap then direct solution of the three simultaneous 
equations will yield the required total displacements 
Av, Anand Ar. 

If however, as for instance on bridge abutments 
there are several loading conditions to be analysed, 
then the procedure would be as follows : 

Let the load matrix be represented by P, the 

deflection matrix by A and the flexibility matrix 

by A, then the relationship (3) can be written 
down as 

JEN =, YAN] 
Since at this stage we are interested in the deflections, 
the above relationship can be transformed to 

LIA PA 

where A-1is the inverse of A (7) 

This will enable us to express the three basic 
deflections in terms of the applied loads and moment. 


3. Loads on Piles— 


Having determined the total displacements due to 
the applied loads either by direct solution or by 
inversion of the matrix A, the vertical and horizontal 
reactions and the moment that the pile will exert 
on the pile cap at the chosen pile group centre i.e. 
Fy, Fu and FR respectively acting on any individual 
taking pile are then given by the product of the final 
displacements and the flexibility matrix for that pile. 
In the case of a vertical pile, the appropriate flexibility 
matrix should of course be used. 


Fy |=| Av || cos? a Coss sin@® xco2ro 
Fu AH || cos @ sin @ sin? @ x COSD sing 
FR AR || x cos? & x COSS sin @ x2 cos? @ 


; : : 4 

Since, as can be seen FH = Fv tan @ and Fr = Ad 
only the vertical reaction or load on the pile need be 
evaluated using the first equation from (4). The 
horizontal force and the moment will be evaluated, 
when checking the statical equilibrium of the group. 

The vertical component of the load on a raking pile 
is therefore from (4) 

Fv = Av cos? |4- Au cos @ sing + Apx cos? @ (5) 
for a vertical pile this will reduce to 

Fv = Av +x Ar : . . . (6) 


FIG. 4, 


FIG a5: 


SIGN CONVENTION 
As in any engineering structure a certain sign 
convention has to be adopted. The one chosen by the 
author is given in Fig, 4 and Fig. 5. Fig 4 gives the 
sign convention for the externally applicd forces and 
moment, and Fig. 5 for the three basic displacements. 
The directions shown are assumed to be positive. 
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Any sign convention can be adopted, but not all 
will give a symmetrical flexibility matrix as far as 
the signs of the various elements are concerned, which 
would somewhat complicate the arithmetic when 
inversing the matrix A. 


PILE GROUP CENTRE 

When evaluating the shortening of piles due to unit 
rotation, and also the final loads on piles, reference 
has been made to the pile group centre. 

Generally speaking this can be chosen at any point 
in the plane considered, and a solution will be obtained. 
However, to simplify the calculations and to reduce 
the sensitivity of the simultaneous equations it is 
advisable to make as many elements of the flexibility 
matrix as possible equal to zero. 

When evaluating the shortening of the piles due to 
vertical displacement, one can see that if the effective 
‘area’ of a vertical pile is taken as unity, that of a 
raking pile will be only cos? @. Hence by taking 
moments about a suitable point of the effective areas, 
the centre of gravity of those ‘ areas ’ can be determined. 
When the forces, moment, displacements and pile 
positions are related to this point which we shall 
call pile group centre, the third element of the first 
row and column of the flexibility matrix becomes 
zero for an asymmetrical arrangement of piles and 
the second and third elements of the first row and 
column become zero for a symmetrical arrangement 
of piles. The advantages in this case are obvious. It 
should be noted that the pile group centre chosen 
is not the conventional pile group centre as defined 
by other writers. 


GENERAL REMARKS 

The theoretical treatment of the pile group analysis 
may seem fairly long and elaborate, but in fact the 
various calculations are very straightforward as the 
examples that follow will illustrate. 

The first example given is a symmetrical group of 
piles subjected to one loading condition, in which the 
horizontal force H and the moment can act in both 
directions. This example has been worked out in 
more detail to show clearly the various steps in the 
analysis. 

The second example has an asymmetrical arrange- 
ment of piles. The loads on piles have been expressed 
in general terms i.e. by the use of the inversion of the 
flexibility matrix,—a procedure useful to adopt with 
several loading conditions. The calculations in this 
case are presented in a more abbreviated form, but 
nevertheless should be easy to follow. 

Example No. 3 illustrates the method to be adopted, 
when the longitudinal spacing of the individual piles 
in the group differs. Here the flexibility matrix is 
evaluated for a unit group, which repeats in the 
longitudinal direction of the wall. This is equivalent 
to making the stiffness of the substitute pile in any 
row inversely proportional to the longitudinal spacing 
of the actual piles. The remaining calculations follow 
as in Example No. 1 or 2. 

Matrix notation has been adopted in this article 
for brevity. Those unfamiliar with matrix technique 
should note that the treatment adopted requires 
only the solution of three simultaneous equations 
during analysis. 

Due to the large number of variables i.e. the number 
of piles, their rake and spacing, the usual procedure ~ 
adopted in the design of pile caps is a ‘ guess’ by the 
designer and subsequent analysis,—the speed with 
which a suitable pile cap is found depending entirely 
on the experience of the designer. ar 


a 
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The procedure could be improved considerably if 
use were made of an electronic digital computer, as 
the method presented in this article would be ideal 
for that purpose. When writing a suitable programme, 
the rakes of the piles, their spacing or both could be 
made variable in a predetermined order, and a 
conditional jump instruction inserted,—the condition 
being the limiting maximum and minimum load on 
any pile. If on completing the first analysis, the 
conditions given were not satisfied, the computer 
would ‘ jump ’ back to the beginning of the programme, 
select revised rake of pile or its spacing and repeat 
the analysis, thus forming a repetitive loop, until 
the given conditions were satisfied. The number of 
repetitive loop instructions carried out by the computer 
is immaterial if one takes into account the speed with 
which the computer would perform the analysis. 


The programme would in fact be an ‘ optimizing’ 
programme and current studies of such a programme 
are in progress. A severe difficulty, however, lies in 
the choice of criteria. For one load condition, such 
a choice would be simple and a narrow range of criteria 
could be established. Due to the many load conditions 
encountered in e.g. bridge abutments even one optimum 
pile layout may result in some piles being loaded 
with very little load for a particular load condition. 
Consequently the range given in the criteria must 
increase which in turn may result in a computer 
answer which is not optimum. This problem should 
not prove insoluble. 


EXAMPLE No. 1 


The group of piles shown on Fig. 6 is subjected to 
a vertical load of — 425-60 kips a horizontal force of 
— 22-40 kips and a moment of — 487-42 k.ft. acting 
about the € of the pile cap. The forces and moment 
given have been evaluated for a 3ft. 6in. length of 
wall which is the assumed longitudinal spacing of 
piles. Piles 1 and 5 rake 1 in 4, piles 2 and 4 rake 
1 in 5 and pile 3 is vertical. The trigonometrical 
constants for the given rakes are given in Table 1. 

By inspection the pile group centre (P.G.C.) will 
be at the head of pile No. 3. 


289 
Functions 
of For For 
the angle Rake Rake 
of rake lin4 lin5 
ra) 
tan © 0 +2500 0-+2000 
cos @ 0-9704 0-9805 
sin @ 0-2425 0-1961 
cos? @ 0-9413 0-9614 
sin? g 0-0588 0-0385 
cos Osin @ 0 +2353 0-1923 


TABLE 1. 


The evaluation of the elements of the ‘ flexibility 
matrix’ for the group is given in Table 2. Each 
column of the matrix is evaluated separately as shown. 
The sketch above the column shows the directions 
and values in general terms of the loads induced in 
the piles due to the three basic deflections. All the 
information required for the evaluation of the column 
of the matrix is given on the sketch above it. The 
first element of each column is equal to the sum of 
the vertical reactions of all piles, the second element 
to the sum of the horizontal reactions of all piles, 
and the third element to the sum of the moments of 
all piles about the P.G.C. The signs of the respective 
forces must of course conform to the sign convention 


adopted. 
The deflections are therefore given by : 


Va eas (PLY 4 -8054 0 0 
—| H Ag |, O 0:-1946 4-3304 
M | AR { Q 4-3304 103-0816 


Substituting V = —425-60 kips H = —22-40 kips and 
M = —487-42k. ft. and solving, the deflections are : 
Ay = + 88-5671, Ay = + 151-6520, Ay'= — 1 -6424 
The vertical loads on piles are given by 


Fy = + 0:9413 Av + 0-2353 An + 6-3538 Ar 
Fo = + 0:9614 Av + 0-1923 An + 2-8842 Ar 
F3 = + Av 

Fy, = + 0:9614 Av — 0-1923 An — 2-8842 Ar 
Fs = + 0-9413 Av — 0-2353 An — 6-3538 AR 


Substituting for Av, Au and Ar, the vertical and 
axial loads on the piles are then evaluated and the 
statical equilibrium checked in Table 3. When 
the force H and moment M act in opposite direction, 
piles 5 and 4 will be the most heavily loaded ones, 
while pile No. 3 will have the same load on it. 


The last row of Table 3 gives the total vertical 
and horizontal forces and the total moment that the 
piles exert on the pile cap. These as stated before 
must be equal to the applied forces but with opposite 


signs. 
EXAMPLE No. 2 


Fig. 7 shows the arrangement of piles under the 
base slab of a bridge abutment. The loads per foot 
length on the abutment are given in Table 4 in 
which the moments have already been related to the 
pile group centre. To illustrate the procedure, although 
only four load combinations are given, a general 
solution will be obtained using the inversion of the 
‘flexibility matrix.’ For trigonometrical constants 
see Table 1. 
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FIRST COLUMN OF MATRIX SECOND COLUMN OF MATRIX THIRD COLUMN OF MATRIX 


- Sal bess 2 

0 9 3) N 

bo. oI 0 \o 

E =| | = uae 

: a} \ 9 Bey be 
Zu) 


+6ingcosp’ ~Sindcosp “ sit’ +510 2 +xX,SINPCOSP' +X,SINPCOS' 
+Singcos@ é sinpcosd! +Sin°P +s1n HESIRPCOSD +X, SING COBH 
Nee An =| —— Ava lr 
Pile i a a a a a a a a a 
No. 11 1 31 12 22 32 13 23 3s 

1 0-9413 0-2353 6-3538 0) +2353 0-0588 1-5883 6-3538 1-5883 42-8882 
2 0-9614 0-1923 3-8842 0-1923 0-0385 0-5769 2-8842 0-5769 8-6526 
3 1-0000 0-0000 0-0000 0-0000 0-0000 0-0000 0-0000 0-0000 0-0000 
4 0-9614 — 0-1923 — 2-8842 — 0:1923 0-0385 0-5769 — 2-8842 0-5769 8-6526 
5 0-9413 — 0:2353 — 6:3538 — 0:2353 0-0588 1-5883 — 6-3538 1-5883 42-8882 
Total & 4-8054 0-0000 0-0000 0-0000 0-1946 4-3304 0-0000 4-3304 103-0816 


TABLE 2. 


Vertical Axial Loads on Piles Horizontal Moments 
Loads Fjcos @ Forces About P.G,.C, 
E a ee ee F tan @ 
(kips) kips tons (ips) 
1 108-62 111-93 49-97 27°15 733 +17 
2 109-58 111-75 49-89 21-91 328-72 
3 88-57 88-57 39-54 
4 60-73 61-94 27-65 — 12-14 — 182-16 
5 58-10 59-90 26-74 — 14-52 — 392-31 
Total 425 -60 22-40 487-42 
TABLE 3. 


Vertical Horizontal Moment 


Loading Load Load About P.G.C, 
Combination V H M 
(kips) (kips) (Ixip. ft.) 


I — 57-89 — 11-06 — 127-63 
It — 44-90 — 4-50 — 71-04 
II — 51-77 + 2-50 + 124-78 
IV — 90:40 — 5:15 + 41°34 
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3-9 , 3G | 3-@ 


Equivalent ‘ area ’ 
= 2 x 0:9413 + 1 + 0-9614 = 3-8440 
Pile group centre 
_ 0-9413 x 3-75 + 7-25 + 0-9614 x 10-75 
a 3 -8440 
= 5-4930 from pile No. 1. 


The elements of the ‘ flexibility matrix ’ are as follows : 


a=—1+2 x 0:9413 + 0-9614 = 3-8440 

a2 = doy = 2 X 0:2353 — 0-1923 = 0-2783 

a3 = 4313 = 0 

aon = 2 x 00-0588 + 0-0385 = 0-1561 

fog = age = 0-2353 x (5-493 + 1-743) + 0-1923 
% (5-257) = 2.7135 

a33 = 0:9413 x (5-493? + 1-7432) + 1-7572 
+0-9614 x (5-257)2 = 60-9182 


Therefore : 
V Av 


M AR 


3 -8440 0 -2783 . 

0-2783 0-1561 2-7135 
2-7135 60-9182 

Inversion of matrix using Foxe’s Method (7). 


38440 0-2783 x 4 +1223 
A |0:2783 0:1561 2-7135 3-1479 
2-7135 60-9182 63 -6317 


1 -9606 : 
L | 0-1419 0-3686 é 
: 7 -3607 2-5958 


Si-2°1025 7-7293 2-5958 


0-5100 —0-1964 0-5569 
josh Re S 2-7126 —7 -6924 
: 0 -3852 


2-5162 —6-7503 


0 +2145 
2 -9633 


) 
Se 0-5100 


0-6088 — 4-8164 
A |—4-8164 66-5259 
0-2145 — 2-9633 


S3 —3-9931 


0 -1484 
58-7462 —2-6004 
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Therefore 
Av V 0-6088 — 4-8164 0-2145 
Au|= —] H||—4-8164 66-5259 —2-9633 
AR M 0:2145 — 2-9633 0-1484 
From which 
Av = — 00-6088 V + 4-8164 H —0-2145 M 
Au = + 4-8164 V — 66-5259 H + 2-9633 
AR = — 0-2145V + 2-9633 H —0-1484 M@ 


The vertical loads on piles are given by 


Fy = 0:9413 Av + 0-2353 Au + 5-1706 AR 
Fg = 0:9413 Av + 0-2353 An + 1-6407 Ar 
Diy Av —1-7570 Ar 
F4= 0-9614 Av — 0-1923 An — 5-0541 Ar 


Substituting for Av, Anand Ar, 


= — 0:5489 V + 4-2022 H —0-2719 M 
Fe = + 0-2083 V —6-2579 H + 0-2519 M 
= — 0-2319 V —0-3901 H + 0-0462 M 
= — 00-4274 V + 2-4466 H — 0-0260 M@ 


A check will be made at this stage, by applying 
V = H = M = —1 to the pile cap. The individual 
vertical and horizontal forces and the moment that 
the piles exert on the pile cap are given in Table 5. 
The summation of the forces and moments should of 
course be equal to the applied forces but with a 
different sign. 


Moment 
About P.G.C, 
FR = Byx 


Vertical Horizontal 
Force Force 
Fv Fu = Fv tan 


— 3-3814 — 18-5740 
5:7977 1-4494 10-1054 
0+5758 — 1-0117 


— 1-9932 0 -3986 10-4782 


— 0-8453 


0-9989 1 -0027 0-9979 


TABLE 5. 


The evaluation of the pile loads due to the four load 
combinations is given in Table 6. 


The maximum load occurs on pile No. 1. If the 
maximum permissible load on the pile is 50 tons, 
then the longitudinal spacing of the piles will be : 


50 


ees A ats t aS 
11.5248 4-33 say 4 centres 


EXAMPLE No. 3 


The plan showing the arrangement of the piles and 
a typical cross-section through the foundation are 
shown in Fig. 8 and Fig. 9 respectively. Due to the 
various spacing of the piles, a part of wall is chosen 
for analysis which repeats along the length of wall. 
This part includes two piles in Row 1 and single piles 
in Rows 2 and 3 as shown. The loads to which this 
part of wall is subjected are as follows : 

V=—438k:, H =—81-5k., M = — 16h. it. 
The moment M is evaluated about the P.G.C. 
Equivalent ‘area’ = 3 x 0:9413 + 1 = 3-8239 

; _ 3:75 xX 0:9413 + 7-25 
Pile group centre = Geeta GOR. Cina ir 


= 2-8191 from Row 1. 


The Structural Engineer 


292 

PILE NUMBERS 1 2 3 4 
; ~~ COEFFICIENTS ; V __ 0-5489 + 02083 — 02319 — 0-4274 
OF H 44-2022  §-2579 — 0-3901 + 2-4466 
V,H and M M 0-2719 | 02519 + 0-0462 — 09-0260 
od LOAD an V — 57-89 31-7758 — 12-0585 13-4247 24-7422 
COMBINATION H G1 -06 _ 46-4763 69-2124 4.3145 — 27-0594 
I M — 127-63 34-7026 32-1500 == 58065 3-3184 
TOTAL — 20-0048 25-0039 11-8427 1-0012 
- LOAD y Aly Be aao6 24-6456 _ 9-3527 10-4123 19-1903 
COMBINATION H ES eheSh 18-9099 28-1606 1-7555 — 11-0097 
I M 1904 19-3158 17-8950 3.2820 1-8470 
TOTAL "94-0515 0-9129 8 -8859 10-0276 
LOAD veer y 28-4166 — 10-7837 12-0055 22-1265 
COMBINATION H 9.50 =| 10-5055 15-6448 — 0-9753 6-1165 
I] M 4124-78 | 33-9977 31-4321 5-7648 3.2443 
TOTAL 49944 | 5-0036 16-7950 24-9987 
LOAD v — 90-40 49-6206 —_ 18-8303 20 -9638 38-6370 
COMBINATION H 26-15 21-6413 32-2282 2-0090 — 12-6000 
IV M PAT 34 11-2403 10-4135 1-9099 2. 7150748 
TOTAL 16-7390 23-8114 24-8827 24-9622 
MAX. VERT. LOADS KIPS. 25-0515 25-0039 24-8827 24-9987 
MAX. AXIAL LOADS KIPS. 25-8156 25-7666 24-8827 25-4959 
MAX. AXIAL LOADS TONS 11-5248 11-5029 11-1083 11-3821 


TABLE 6. 
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Vertical Axial Loads on Piles Horizontal Moments 
Pile Loads Fljcos @ Forces About P.G.C. 
No. F - F tan © Fx 

(kips) (kips) tons (kips) k, ft. 
a 108-76 112-08 50-04 27-19 + 306-61 
a’ 108-76 112-08 50-04 27-19 306-61 
b 108-49 111-80 49-91 27-12 — 100-99 
(9 111-99 111-99 50-00 0 — 496-23 
Total 438-00 81-50 16-00 


TABLE 7. 


The elements of the ‘ flexibility matrix ’ are : 
aii = 3 -8239 
a2 = ag, = 3 X 0-2353 = 0 -7059 


a3 = a3, = 0 ag = 3 X 0-0588 = 0-1764 
a23 = 432 = 2 X 0-2353 x 2-8191 — 0-2353 x 0-9309 
== OLAS) 
a33 = 0-9413 (2 x 2-81912 + 0-93092) + 4-43092 
= 35-4102 
V Av || 3-8239 0-7059 0 
— | H| =| Axu||0-7059 0-1764 1-1076 
M AR 0 1-1076 35-4102 


Substituting for V, H and M. 
Av = 112-3354, An = 11-9585, ¢ Ar = 0-0776. 
The vertical loads on piles are given by : 
Fa = Fa’ = 0:9413 Av + 0-2353 Au + 2-6536 AR 
Fo =0-9413 Av + 0-2353 Au — 0-8763 AR 
FC Av — 4-4309 AR 


Substituting for Av, Au and Ar the vertical and 
axial loads on the piles have been evaluated and the 
statical equilibrium checked in Table 7. 
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DISCUSSION 


The Council would be glad to consider the publication of 
correspondence in connection with the above paper. Communi- 
cations on this subject intended for publication should be 
forwarded to reach the Institution by November 30th, 1960. 


Book Review 


Reinforced Concrete Reservoirs and Tanks, by W. Se 
Gray, 4th Edition., Revised by G. P. Manning. 
(London : Concrete Publications, 1960). 9in. x 6in., 
190 pp. 12s. 

For the fourth edition, this well-known book has 
been extensively revised to include up-to-date methods 
of the design and construction of most types of open 
and covered reservoirs, tanks on the ground and below 
ground, swimming pools, and such industrial structures 
as gasholder tanks, tar tanks, and the like. Special 


features include several charts and other data relating 
to the design of reinforced concrete works in accordance 
with the new British Standard Code of Practice 
No. 2007 (1960) for structures for the storage of water 
and other aqueous liquids. As in previous editions, 
Dr. Reissner’s method of calculating the bending 
moments on the walls of cylindrical tanks is given 
in full. Numerous additional examples, with working 
drawings and illustrations showing the structures in 
the course of construction, are given. 
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Institution Notices and Proceedings 


PRESIDENTIAL ADDRESS 


The Presidential Address for the Session 1960-61 
will be given by Lt.-Colonel G. W. Kirkland, M.B.E. 
(Mil.), M.I.Struct.E., M.I.C.E., at 11, Upper Belgrave 
Street, London, S.W.1., on Thursday, 6th October, 
1960, at 6 p.m. 


FORTHCOMING MEETINGS 


The following meetings will be held at 11; Upper 
Belgrave Street, London, S.W.1. 


Thursday, 13th October, 1960. 


Joint Meeting of the Institution of Structural 
Engineers and the British Section of the Société des 
Ingénieurs Civils de France at 6 p.m., when MM. 
Jean Bellier and Max Tourasse will read a paper 
entitled ‘‘ Prestressed Concrete Pressure Vessels for 
Nuclear Reactors at Marcoule.”’ 


Thursday, 27th October, 1960. 


Ordinary General Meeting at 5.55 p.m. for the 
election of members. This meeting, which is open 
only to corporate members of the Institution will be 
followed by an Ordinary Meeting at 6 p.m., when 
a paper entitled ‘‘ Structural Considerations of a New 
Animal Feed Mill in Belfast, Northern Ireland ”’ will 
be read by Mr. E. V. Finn, M.1.Struct.E., A.M.1.C.E. 
and Mr. K. F. Shadbolt, A.M.I.Struct.E. 

Members wishing to bring guests to the Ordinary 
and Joint Meetings announced above are requested 
to apply to the Secretary for tickets of admission. 


APPOINTMENT OF SECRETARY 


Applications are invited for the position of Secretary 
of the Institution of Structural Engineers from men 
between the ages of 35 and 50. Applicants, who 
must be British, should possess a University degree, 
preferably with honours, or be a corporate member 
of a chartered engineering Institution, or have other 
suitable professional or service qualifications, and 
must have wide administrative experience. 

Commencing salary will be £3,000 per annum; 
there is a contributory superannuation scheme. 

The successful applicant will be required to take 
over from the retiring Secretary on the Ist October, 
1961. 

Further particulars may be obtained on application 
to The Institution of Structural Engineers, 11, Upper 
Belgrave Street, London, S.W.1., the envelope to be 
marked “ Appointment of Secretary.” 

The closing date for the submission of the detailed 
applications will be 30th November, 1960. 


EXAMINATIONS, JANUARY, 1961. 


The Examinations of the Institution will next be 
held in the United Kingdom and overseas on the 10th 
and 11th January, 1961 (Graduateship) and the 12th 
and 13th January, 1961 (Associate-Membership). 


FORMATION OF A SOUTHERN BRANCH 


Notice of a proposal to form a Southern Branch of 
the Institution was given in the June issue of the 
Journal. The Council has now sanctioned the estab- 


lishment, according to the Bye-Laws, of a Southern 
Branch, comprising those members, corporate and 
non-corporate, resident in Dorset, that part of Wilt- 
shire south of Salisbury Plain, Hampshire, the Isle 
of Wight and West Sussex. 

The Chairman of the new Branch is Mr. J. J. Leem- 
ing, B.Sc., M.I.C.E. (Member) and the Honorary 
Secretary is Mr. A. P. K. Tate, B.Sc. (Associate- 
Member). 

The opening meeting of the Branch will be held at 
Southampton on Friday, 4th November, 1960. 


AWARD_OF MERIT AND SCHOLARSHIP FUND 


The Council has made an award of ten guineas each 
from the Award of Merit and Scholarship Fund to the 
following candidates in recognition of the high standard 
attained by them in the Institution’s examinations 
for the Session 1958-1959 : 

Mr. Ho Tong Yam—dAssociate-Membership 

Examination 

Mr. P. Head—Associate-Membership Examination 


REPRESENTATION 


The Council has appointed the following Institution 
representatives : 
Building and Civil Engineering Advisory Committee 
(Birmingham College of Technology) 

Mr. E. R. Deeley (Member) (re-appointment) 
Building Advisory Committee (Brooklyn and Hands- 
worth Technical Colleges and the Bordesley Green 
Technical Institute) 

Mr. E. R. Deeley (Member) (re-appointment) 
Bradford Technical College Advisory Committee on 
Building 

Mr, F. A. Maddock (Member) 

British Standards Institution Codes of Practice, Scottish 
Advisory Committee C P|-/2 
Mr. A. Mason (Member) 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 


A candidate for Graduateship or Associate-Member- 
ship may be able to attend a Technical College ; these 
notes are intended to guide him in choosing the most 
suitable instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION— 
Technical Colleges offer : 
(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 


(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 


If he obtains a Higher National Certificate or Diploma 
complying with Appendix IT, Section V, of the Regu- 
lations Governing Admission to Membership, the 
Candidate will be exempted from the Graduateship 
Examination. 

Alternatively, he may study subjects selected from 
the available courses and sit the Graduateship Exam- 
ination. At Technical Colleges, courses are usually 
available in Building Science or Engineering Science, 
Strength of Materials, Theory of Structures and 


a a 
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Surveying, but students are not normally allowed 
to select subjects from National Diploma or Certificate 
courses unless they can show evidence of sound training 
in more elementary studies. The advice of the College 
Authorities should be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some Technical Colleges there are part-time 
courses in Structural Engineering which cover the 
syllabus of the Associate-Membership Examination. 
At other colleges the candidate must rely on Higher 
National Certificate courses or on advanced courses 
in Building, Civil Engineering or Municipal Engineer- 
ing. These cover only part of the requirements for the 
Associate-Membership Examination. 

Colleges in List ‘A’ provide at least two years of 
instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 


Vs a 

Bath Technical College. 

Belfast College of Technology. 

Birmingham College of Advanced Technology. 

Bolton Technical College. 

Bradford Institute of Technology. 

Bridgend Technical College. 

Bristol College of Technology. 

Chesterfield College of Technology. 

Coatbridge Technical College, Lanarkshire. 

Derby and District College of Technology. 

Dudley and Staffordshire Technical College. 

Ewell County Technical College. 

Glasgow Royal College of Science and Technology. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building, S.W.4. 

L.C.C. Hammersmith College of Art and Building. 

Manchester College of Technology. 

Middlesbrough, Constantine Technical College. 

Nottingham and District Technical College. 

Portsmouth College of Technology. 

Salford, Royal Technical College. 

South-East London Technical College, Worseley 
Bridge, S.E.26. 

South-West Essex Technical College, Walthamstow, 
E73 

Southampton Technical College. 

Stafford County Technical College. 

Stockport College of Further Education. 

Twickenham Technical College. 

Willesden Technical College, N.W.10. 


Colleges in List ‘B’ provide instruction in Theory 
of Structures from which the student may reach 
Associate-Membership standard, but instruction in 
Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates, 
is not usually so complete. 


ibiisae Sea 

Brighton Technical College. 

Cardiff Technical College. 

Edinburgh, Heriot-Watt College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London, Battersea College of Technology, S.W.11. 

London, Northampton College of Advanced Tech- 
~ nology, E.C.1. 
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L.C.C, Westminster Technical College, S.W.1. 

pif upon Tyne, Rutherford College of Techno- 
ogy. 

Plymouth and Devonport Technical College. 

Preston Harris Institute. 

Rotherham College of Technology. 

S.E. Essex Technical College, Dagenham. 

Wigan Mining and Technical College. 

Woolwich Polytechnic, S.E.18. 

West Ham College of Technology. 


_ Students are advised to take the organised courses 
in Structural Engineering where these are available. 


ADDITIONS TO THE LIBRARY 


American Society for Testing Materials. Proceedings, 
Vol. 59, 1959. Philadelphia, P.A. 1960. ; 
AVERBACH, B. L., FELBEcK, D. K., HAHN, G. T. and 
Tuomas, D. A. Editors. Fracture. Proceedings 
of an International Conference on the Atomic Mechan- 
isms of Fracture. Massachusetts, New York and 

London, 1959. 

BANHAM, R. Theory and Design in the First Machine 
Age. London, 1960. Presented by Mr. A. H. Ley. 

BonGarD, W. Rohbaufertiger Stahlskelettbau, Col- 
ogne, 1959. Presented by Mr. G. B. Godfrey. 

GILL, H. R. Concrete Formwork Designer's Handbook. 
London, 1960. Presented by Messrs. Kwikform 
Limited. 

Gray, W. S. Reinforced Concrete Reservoirs and 
Tanks. 4th Edition. London, 1960. 

HopceE, P. G. Jr. Plastic Analysis of Structures, 
New York and London, 1959, Presented by Mr. 
Leslie Gordon. 

Institution of Mechanical Engineers, Automobile Divi- 
ston Proceedings, 1957-58. London, 1960. 

JENKINS, R. B. M. Curve Surveying. London, 1960. 
Presented by Mr. J. J. Leeming. 

Landeshauptstadt Dtisseldorf. Nordbrucke Diisseldorf. 
Berlin|/Gottingen|Heidelberg, 1958. Presented by Mr. 
Je J: Leeming. 

The Philips Pavilion at the 1958 Brussels World Fair. 
London, 1959. 

Preston, H. Kent. Practical Prestressed Concrete. 
New York and London, 1960. Presented by Mr. 
F. N. Pannell. 

SmitH, D. E. Editor. A Source Book in Mathe- 
matics, Vol. 1 and 2. New York and London, 1960. 

Snow, F. S. and PARTNERS. A Report on Lightweight 
Five Protection for Structural Steelwork. 

STRYCKER, R. DE. The Influence of Temperature and 
Variations of Stress on the Creep of Prestressing 
Steels. London C. and C.A. Translation No. 87, 
1960. 

TIMOSHENKO, S. and WoINOWSKY-KRIEGER, S. Theory 
of Plates and Shells, 2nd Edition. New York and 
London, 1959. Presented by Mr. B. Leung. 


Branch Notices 


LANCASHIRE AND CHESHIRE BRANCH 


The opening meeting of the Session will be held on 
Tuesday, 18th October, 1960, at the College of Science 
and Technology, Manchester, commencing at 7.0 p.m., 
when Professor W. Merchant, M.A., S.M., D.Sc., 
M.1.Struct.E., M.I.C.E., A.M.I.Mech.E., will give the 
Chairman’s Address. 

The meeting will be preceded by a Hot Pot Supper. 
A coach will run from Liverpool. 

Hon. Secretary : W.S. Watts, M.I.Struct.E., A.M.I.C.E., 
11, Newchurch Lane, Culcheth, Nr. Warrington, Lancs, 


296 


MIDLAND COUNTIES BRANCH 


The Annual Dinner and Ladies’ Evening will be 
held at the Botanical Gardens, Birmingham, on 
Saturday, 15th October, 1960. 

A Meeting of the Branch will be held at the Byng 
Kendrick Suite, College of Advanced Technology, 
Gosta Green, Birmingham, 6., on Friday, 28th October, 
1960, at 6.30 p.m., when the Chairman’s Address will 
be given by Mr. G. Botteley, CRD YS NY GUESy erg thot gl we 
Tea will be served from 5.45 p.m. 

Hon. Secretary: S. M. Cooper, A.M.I.Struct.E., 
‘ Applegarth,” Hyperion Road, Stourton, Nr. Stour- 
bridge, Worcestershire. 


GRADUATES’ AND STUDENTS’ SECTION 

The first meeting of the Session will be held at the 
Engineering Centre, Stephenson Place, Birmingham, 
and will start at 6.30 p.m. on Friday, 4th November, 
1960. A paper will be read by Mr. C. R. Blackwell, 
of Freeman, Fox and Partners, entitled ‘ Design 
and Construction of the Volta Bridge.” Tea will be 
served from 5.30 p.m. 
Hon. Secretary: HH. T. Dodd, Shepherd’s Cottage, 
Grove Lane, Wishaw, Sutton Coldfield, Warwickshire. 


NORTHERN COUNTIES BRANCH 


A meeting will be held in the Neville Hall, Newcastle, 
at 6.30 p.m., preceded by a buffet tea from 6.0 p.m., 
on Wednesday, 5th October, 1960, when Mr. E. Ibbot- 
son, M.I.Struct.E., will be installed as Chairman, and 
give the Chairman’s Address. 

On Monday, 17th October, 1960, installation of 
Branch Chairman by the Institution President-Elect., 
Lt.-Col. G. W. Kirkland, M.B.E. (Mil.), M.I.Struct.E., 
M.I.C.E., Chairman’s Address by Mr. E. Ibbotson, 
M.I.Struct.E., at 6.30 p.m. preceded by a buffet tea 
from 6.0 p.m. 

Hon. Secretary: P. D. Newton, B.Sc., M.I.Struct.E., 
A.M.I.C.E., c/o Cussson and Partners, 112, Borough 
Road, Middlesbrough, Yorkshire. 


NORTHERN IRELAND BRANCH 


The opening meeting of the Session will be held on 
Tuesday, 4th October, 1960, in the Civil Engineering 
Department, David Keir Building, Queen’s University, 
Belfast, at 6.30 p.m. Tea will be served from 5.45 p.m. 
to 6.30 p.m. The Chairman’s Address will be given 
by Mr. E. A. Plester, M.I.Struct.E. 

Hon. Secretary: L. Clements, A.M.I.Struct.E., 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, Cherry- 
valley, Belfast. 


SCOTTISH BRANCH 


The opening meeting of the Session will be held on 
Monday, 10th October, 1960, at the Institution of 
Engineers and Shipbuilders, 39, Elmbank Crescent, 
Glasgow, at 7 p.m. The Chairman’s Address will be given 
by Mr. N. M. Brydon, M.B.E., B.Sc., M.1.Struct.E., 
M.1.C.E. 

The Annual Dinner and Dance will be held on 
Tuesday, 11th October, 1960, at the Grosvenor Res- 
taurant, Gordon Street, Glasgow, at 6.30 p.m. 

Hon. Secretary:  W’. Shearer Smith, M.L.Struct.E., 
A.M.1.C.E., c/o The Royal College of Science and 
Technology, George Street, Glasgow, C.1. 


SOUTH WESTERN COUN?IES SECTION 
Hon. Secretary: C. J. Woodrow, J.P., “ Elstow,” 
Hartley Park Villas, Mannamead, Plymouth, Devon. 
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SOUTHERN BRANCH 


The Inaugural Meeting of the Southern Branch was 
held at the University of Southampton on the 22nd 
July, 1960. The President of the Institution, Mr. 
L. E. Kent, installed Mr. J. J. Leeming as first Chair- 
man of the Branch and Mr. Leeming then addressed 
the meeting. 


The following Honorary Officers and members of the 
Committee have been elected for the Session 1960-61 : 
Hon. Secretary: A.P.K. Tate; B.Sc., A.M.L.Struct.E., 
South Stoneham House, Swaythling, Southampton. 
Hon. Treasurer: C. Carter. 

Committee: G. J. Gumersall, J. A. Harvey J. R. 
Lowe, Professor P. B. Morice, J. H. Morris, Leslie 
Turner, H. V. Williams. 


WALES AND MONMOUTHSHIRE BRANCH 


Hon. Secretary: W. D. Hollyman, A.M.I.Struct.E., 
41, Greenfield Avenue, Dinas Powis, Glamorganshire. 


WESTERN COUNTIES BRANCH 


The opening meeting of the Session will be held on 
Friday, 7th October, 1960, at the University Engineer- 
ing Laboratories, Bristol, at 6 p.m., preceded by tea 
at 5.30 p.m. 

The Chairman’s Address will be given by Mr. Clifford 
E. Saunders, M.I.Struct.E. 

Hon. Secretary: A. C. Hughes, M.Eng., A.M.I.Struct.E., 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 9. 


YORKSHIRE BRANCH 


The opening meeting of the Session will be held 
on Wednesday, 19th October, 1960, at the Griffin 
Hotel, Leeds, when Dr. W. Eastwood will give the 
Chairman’s Address. This will be repeated on Thurs- 


day, 20th October, at the Royal Victoria Hotel, 


Sheffield. Both meetings will commence at 6.30 p.m. 
preceded by buffet tea at 6.15 p.m. 
Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 34, 
Hobart Road, Dewsbury, Yorkshire. 


UNION OF SOUTH AFRICA BRANCH 

Hon. Secretary: E. B. Kretzschmar, A.M.I.Struct.E., 
P.O. Box 3306, Johannesburg, South Africa. 

Natal Section Hon. Secretary: J. C. Panton, 
A.M.I.Struct.E., A.M.I.C.E., c/o Dorman Long (Africa) 
Ltd., P.O. Box 932, Durban. 

Cape Section Hon. Secretary: R. F, Norris, 
A.M.I.Struct.E., African Guarantee Building, 8, St. 
George’s Street, Cape Town. 


EAST AFRICAN SECTION 


Hon. Secretary: K. C. Davey, A.M.1I.Struct.E., P.O. 
Box 30079, Nairobi, Kenya. 


SINGAPORE AND FEDERATION OF 
MALAYA SECTION 


Hon. Secretary : W.N. Cursiter, B.Sc., A.M.L.Struct.E., 
A.M.I.C.E., c/o Redpath Brown and Co. Ltd., P.O. Box 
648, Singapore. ; ; 


NIGERIAN SECTION 


Hon. Secretary: A. Brimer, A.M.I.Struct.E., Brimer, 
Andrews and Nachshen, Private Bag Mail 2295, Lagos, © 
Nigeria. 
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We know 
what it’s like to wait 


Tentor Bars are scarce. But so is the 


steel from which they are made. 


That, unfortunately, is the long and short 


; , \ 
of it. To those of our customers who ie \ 
tej ‘ 
are waiting for delivery of Tentor ' \ 
\ 
Bars we offer our apologies and our | | 
\ 


gratitude for their patience and 
forbearance. We are doing everything { 
\ 
possible at this end to speed things up and \ 
\ 
\ 


to meet requirements as soon as possible. \' 


Tentor Bars are supplied by the following 
companies and their branch offices :— 


B.R.C. STEEL LTD., 
Silkmore Lane, Stafford. Stafford 444 


G.K.N. REINFORCEMENTS LTD., 
197 Knightsbridge, London, S.W.7. 
KENsington 6311 


McCALL & CO. (SHEFFIELD) LTD., 
P.O. Box 41, Sheffield. Rotherham 2076 


STEEL, PEECH & TOZER, LTD., 
Branch of The United Steel Companies Ltd., 
The Ickles, Sheffield. Sheffield 41011 


Technical enquiries to : 
THE TENTOR BAR COMPANY LTD., 
197 Knightsbridge, London, S.W.7 
Telephone: KENsington 6311 

Telegrams: TENTORED, London, S.W.7 


AGRO Tip 


(GNCa) 
TENTOR BARS Registered Trade Mark (Gx 
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ret SIMPLEX 


JACKS 
take the weight 


SIMPLEX offers the largest range in the World. — Standard 

production models up to 300 tons of the remote control 

type many having CENTRE HOLE construction for lifting 

or pulling with pull rods through the centre of the 
ram without torque. 


Single and double Pump Hydraulic 
Jacks up to 100 tons 


Special lightweight jacks for 
prestressing concrete 


LARGE RANGE OF MECHANICAL JACKS 


INCLUDING 
JOURNAL AND BRIDGING JACKS 
MULTIPLE OPERATION SPECIAL MODELS FOR 
Shut-off valves to control the lift of each ram ecLErRaRCe 
FOR LIFTING BRIDGES AND OTHER MOVING PLANT AND. MACHINERY 
LARGE STRUCTURES ETC. 


The Equipment & Engineering Co. Ltd. 2&3 Norfolk Street, London, W.C.2 Tel Temple Bar 1088 


STRUCTURES in STEEL 
CRANE 
GIRDERS 


Specialists in heavy 

steel structures for 

nearly sixty years 

places us in a unique 

position to assist those 

who design and plan in 

steel. Steelwork for 

cranes of all types and 

capacities, crane gantries, 

plate girder work, etc., are 

only a few of our many pro- 

ductions. The _ illustration 

shows: 16-ton E.0.T. crane - Our technical engineers are at your 
120’-0” span 4-girder lattice nee ; service for consultation at all times and 
type under construction. we look forward to hearing from you. 


SKIPWITH, JONES & LOMAX LTD. 


WEST GORTON ® MANCHESTER 12 Tel : East 2771 
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FROM BRITS HiOXY GENGH g b FOR BRITISH INDUSTRY 


flame 


cleaning 


cuts 
costs 


On all kinds of steel 
structures, oxy-acetylene 
flame cleaning reduces 
corrosion ... prolongs paint 
life... cuts maintenance and 
replacement costs. Flame 
cleaning may be able to 

cut your costs; ask any 

of our 38 branch offices 

for experienced and 


expert advice. 


/ 
BRITISH OXYGEN-GASES LTD : INDUSTRIAL DIVISION 
SPENCER HOUSE - 27 ST. JAMES’S PLACE : LONDON S.W.1 


ff 
A (2) Company 
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NEW 
FREEDOM 


FOR DESIGNERS 


The simplicity and adaptability of Macalloy bars solves many design problems. 


There are few fittings, all of them of a robust nature adaptable to any detail. 


The small couplers can be located in any section; they permit units to be stressed 
in lengths and coupled together; they allow one half of a deck to be stressed at a 


time. 


Partial stressing and stressing in stages are simple with rolled threads; restoring or 


releasing prestress is done in a moment. 


Framed structures can be built with simple connections and continuity readily 


provided. 


The positive rolled thread anchorage allows short-length stressing with complete 


accuracy. 
A simple pricing system is available. 


Our Engineers are always available to give advice and discuss designs. 


McCALLS MACALLOY LIMITED 


TEMPLEBOROUGH - SHEFFIELD - P.O. BOX 41 
Telephone; ROTHERHAM 2076 (P.B. Ex 8 lines) 


LONDON: SLOANE 0428 PORTSMOUTH: COSHAM 78702 
BIRMINGHAM: ACOCKS GREEN 0229 MANCHESTER: BLACKFRIARS 1018 


MACALLOY 


HESTitsg 


McCALL & COMPANY (SHEFFIELD) LIMITED McCALLS MACALLOY AFRICA (PROPRIETARY) LIMITED 
STEEL MeCALLS MACALLOY LIMITED McCALLS MACALLOY (AUSTRALIA) PTY. LIMITED 
by McCALLS PRECISION ROOFS LIMITED McCALLS MACALLOY (CANADA) LIMITED 
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Crossing your bridges 


= bxHore you build then 


When the investigation’s done, when the analysis is 
finished and the conclusions drawn, what you want—and 
Exploratory quickly—is the report. You want it to be accurate, ex- 
Boring and haustive, precise; and capable of immediate practical inter- 
soil sampling pretation and application by practical engineers, 


Road surveys You get exactly that from Ground Engineering Limited. 


Earth dams You get more, too. Preliminary reports during the 
investigation, individual reports, sectionalised information. 


Geological As an instance, in a recent project 26 bridges were to 
surveys be built; the report concerning the bridges was prepared in 
such a way that details, specification and design require- 
testing ments for each bridge could be taken off the report 
individually and handed to the engineer responsible to 
Geophysical proceed independently. The result was a considerable 
saving of time and a very flexible working arrangement 
which enabled the complete project to be finished well 
Sand drains within schedule. 


Ground Water This kind of service is typical of Ground Engineering Limited. 
lowering 


Laboratory 


surveys 


For further details and specific enquiries, 
please write or telephone: 


GROUND ENGINEERING 
LIMITED 


Manor Way, Boreham Wood, Hertfordshire 
4 ecient Telephone: Elstree 2854 
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Built for the C.H.G.B. at Northfleet Power Station— 


N THE FIRST 500 FT. STACKS IN GREAT BRITAIN 
to the design of L. G. Mouchel & Partners, Consulting Engineers. 


FOR VERSATILITY IN CONCRETE DESIGN & CONSTRUCTION 


TIL 662 


TILEMAN & CO. LTD., ROMNEY HOUSE, TUFTON STREET, LONDON, S.W.1. TEL: ABBEY 1584 
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Better build 
with 
Steelwork 

and cut the 
cost of your 


by taking advantage of the 
new provisions of BS-449 (1959), 


worthwhile economies can be effected. 


structure. 


JOHN BOOTH & SONS (BOLTON) LTD. HULTON STEELWORKS, BOLTON, Telephone BOLTON 1195. 


London: 26 VICTORIA STREET, WESTMINSTER, S.W.1. Telephone ABBey 7162. 
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Working against the clock ? 
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HELIBOND Cold Worked Reinforcement offers substantial 
savings in cost when compared with mild steel. 

In technical terms, HELIBOND complies fully with British 
Standard 1144, and enables the concrete bond stress to be 
increased by 25% (C.P. 114 [1957] refers). 


Why not consult us? We shall be glad to send you full details of 


our service and delivery. We can make special arrangements for 
may well solve urgent requirements. 


your problems 


HELIBOND Cold Worked Reinforcement 


THE HELICAL BAR & ENGINEERING CO. LTD., 82 Victoria Street, London, S.W.1 
Telephone: VICtoria 6838 


ALSO AT: Newcastle: Newcastle 27744 . Nottingham: Gamston 284 . Taunton: Taunton 5631 
WORKS: Harefield: 4arefield 2176 . Charlton: Greenwich 2971 . Sutton-in-Ashfield: Sutton-in-Ashfield 2621 


— 
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McKIERNAN 
-TERRY 
DIESEL 

PILE 
HAMMERS 


FOR 
POWER 


Economy 
AND 
RELIABILITY 


McKiernan-Terry DE-30 
diesel pile hammey in false 


leaders driving a steel box pile 


McKiernan-Terry Diesel Pile Hammers are designed for reliability, 
combined with economy in both operation and maintenance. They 
are completely self-contained and need no external source of power 
other than a winch to lift the hammer and to raise the ram-piston 
for starting. 


Fuel and lubricating oil consumptions are low and the built-in 
tanks hold sufficient fuel and oil for two to three days normal 
operation. All parts are readily accessible for inspection or main- 
tenance. Ruggedly built from high quality materials and com- 
ponents, including special alloy steel parts, and manufactured to 
close tolerances and fine finishes, the McKiernan-Terry range of 
Diesel Pile Hammers provide a most economical and reliable means 
of driving piles of all types. 


For full details write for List No. 190/K. 


BEGIN IGCAL SRE PRES ENTATAVES «THROUGHOUT: THE .WORLD 


THE BRITISH STEEL PILING CO. LTD. 


10 HAYMARKET, LONDON, S.W.1. Telephone: TRAfalgar 1024 
BSP 181 
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SOIL MECHANICS 


GEOPHYSICAE. SU Raves 
SITE INVESTIGATIONS 
SOIL MECHANICS TESTING 


WATER PROBLEMS — 


GEOPH YSI'CGA Tass Ray Eres 
WATER WELL DRILLING 
(By Rotary Air, Mud Flush, Shot Cable and Percussion Systems) 


PUMPING PLANT INSTALLATION 
AND MAINTENANCE 


LE GRAND ADSCO LIMITED 


(Le Grand Sutcliff & Gell Ltd., and 


Associated Drilling and Supply Co. (Overseas) Ltd. 
LE GRAN g pply Co. ( ) Ltd.) 
Le Grand Adsco Ltd. Iddesleigh House 
The Green, Southall, Middx. Caxton Street, London, S.W.1. 
Write for Illustrated Brochure. Tel. ; SOUthall 2211. Tel. ;: ABBey 3242. 


Po WD e 2 é 
Sa scar eg eet s 


Zinc coated structural stee/work—the /argest span tubular 
building in the world. 


Photograph by permission of Tubewrights Ltd. 


Sprayed Zinc undoubtedly gives the finest form of 
METAL SPRAYING FOR THE LONGEST protection for steel against atmospheric conditions, 
Metal spraying can be done at our Works or complete 
Plants can be supplied. Our wide experience is at your 
disposal, we invite your enquiries. 


POSSIBLE PROTECTION AGAINST CORROSION 


METALLISATION LTD., BARCLAYS BANK CHAMBERS, DUDLEY, WORCS. Te/ephone: 53321-2 
Scot/and: Metallisation (Scotland) Ltd., Ballochmill Road, Rutherglen. Telephone: Rutherglen 1956 
N.E. Coast: Portrack Lane Industria/ Estate, Stockton-on-Tees. Telephone: 64585 


M-W,1S4 
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‘FRODINGHAM’ 


super-Sulphated Cement 


gives EXTRA protection 
against 


Sulphates 


(ae recommended for Class |11 conditions in B.R.S, Digest No. 31) 


and 


Acidic conditions 


(e.g. resistance to all acids down to pH 3.5) 
(resistance to sulphuric acid down to pH 1.5) 


LOW HEAT SUITABLE 


FOR MASS CONCRETE WORK COMPETITIVE IN PRICE 


BRITISH MADE “PROMPT DELIVERY 


Further information from Main Distributors :— 


LAFARGE ALUMINOUS CEMENT CO. LTD., 73 Brook St., London, W.1. Mayfair 8546 


Frodingham Super-Sulphated Cement is manufactured and sold also by :— 


FRODINGHAM CEMENT COMPANY, Scunthorpe, Lincs. Scunthorpe 5337/8 


AP126 
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for New Warchouse, Seacrolt, Leeds. 
Messrs. Saxone, Lilley & Skinner (Holdings) Ltd. 
to the instructions of the 
Architect: Michael H, Egan, Esq., 
F.R.LB.A., A.A, Dipl. 
Contractors: 
F. Shepherd & Son Ltd. 
York, 


by 


MELLOWES & CO LTD 


SHEFFIELD LONDON OLDHAM 


Unique! 
Versatile! 
Feonomical! 


thats 


Just consider the outstanding advantages ! Stramit ‘Mova- 
flush’ Partitions are erected speedily and easily. They have 
remarkable sound-deadening properties, and afford excellent 
thermal insulation, as’well{as a high degree of fire resistance. 
They also have an attractive flush finish (no unsightly cover- 
fillets) and offer an exceptionally good surface for decoration. 
What’s more, Stramit ‘ Movaflush’ Partitions are of com- 
pletely dry construction and are available in a wide range of 
sizes. They’re rigid, durable and de-mountable. And for all 
this, they’re surprisingly low in price. 


For full details fill-inand post coupon—NOW 


Please send, without obligation, full details of the new 
Stramit * Movaflush’ partition. SE.9 
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CONSULTING ENGINEERS: FIR & ae PHOTO: "Br ritish Transport Cannister (S. Wales Docks) 


Braithwaite Steelwork 


The provision of an unobstructed floor 
area to provide a maximum capacity 
has been ensured by using the portal 
frame form of construction for this new 
100 ft. span transit shed constructed for 
the British Transport Commission at 
Newport Docks, Monmouthshire. 

The use of mobile short-jib cranes and 
fork-lift. trucks renders expensive and 
space taking overhead lifting equipment 
unnecessary. 


BRAITHWAITE & CO 
ENGINEERS LIMITED 


London Office : 
Dorland House, Regent Street, London, S.W.1. 
Telephone : WHitehall 3993. 
Telegrams: Bromkirk phone London. Telex: 23320 


BRAITHWAITE & CO. STRUCTURAL LIMITED 
BRAITHWAITE FOUNDATIONS 
& CONSTRUCTION LIMITED 


September, 1960 
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Our experts would be glad 
to discuss your problems 
and, if requirements do 
not warrant the purchase 
of a computer, we 

Suggest you consider 

the facilities of our 
Computer Service Centres. 


ELECTRONIC 
SYSTEMS 
GROUP 


60/2L 


SOLVE YOUR PROBLEMS at the 


Stantec-Zebra 


Electronic Digital Computer Service Centres 


Some of the problems being handled by the ‘Zebra’ 
Empirical and theoretical studies of dam and bridge testing 


Processing of empirical data resulting from photographic 
studies and aerial surveys 


Bridge design 


A double 
input-output 

Stantec-Zebra 
Computer 


STC are Britain’s biggest exporters of digital computers 


Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


INFORMATION PROCESSING DIVISION: CORPORATION ROAD » NEWPORT - MON. 
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25 years successful experience all over 
the world are behind Siporex. 


* Over 30 million sq. yds. of Siporex roofing 
have already been laid, from the equator 
to the arctic. 


% Siporex is simple and rapid to erect— 
reducing site labour costs. 


* Siporex has a thermal insulation ten 
times that of concrete and is completely 
incombustible. 


* Siporex is only a quarter the weight of 
an equivalent volume of concrete, 
reducing the cost of structural framework 
and foundations. 


%* Siporex compares favourably in price 
with other building materials. 


For over 25 years in widespread use in Northern 
Europe and many other parts of the world, sIPOREX, 
the lightweight cellular structural material is now 
being manufactured here. 

Siporex revolutionises building techniques and 
offers architects and structural engineers many 
outstanding advantages. 


" rae CS yee ey 
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SIPOREX THE MODERN LIGHTWEIGHT CONSTRUCTION MATERIAL 


Manufactured in Great Britain by: COSTAIN CONCRETE COMPANY LIMITED (A member of the Costain Group) 
DUNCAN HOUSE, DOLPHIN SQUARE, LONDON, S.W.1, SIPOREX FACTORY, NEWARTHILL, LANARKSHIRE, SCOTLAND 
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To build many of the bridges and a large 
number of culverts on the southern section of 
the London-Yorkshire Motorway, more than 
400,000 square yards of concrete formwork 
were required. 


The job called for a material that was strong, 
tough and flexible — yet light and easily 
handled. Seaboard Canadian Fir Plywood met 
all these requirements — and more! 


Used in flat or slightly curved forms (as in 
the concrete slab decking of bridges), 3/4’’- 


N. R. M. MORISON, ESQ,, 
1 - 3 Regent Street, 
London S.W. 1 


Please send me free copy of Seaboard , 
Plywood Handbook (L-11) describing your i 
full selection of Douglas fir Plywood. . 


(Please print plainly) U.K.-59-32-28 


WATERPROOF 
WEATHERPROOF 
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Contractors: John Laing and Son Limited Consultant Engineers: Sir Owen Williams and Partners 


thick fir plywood met all strength require- 
ments with a minimum of framing. Thinner 
plywood was used as face lining on curves 
of smaller radius. Moreover, the plywood was 
re-used from six to eight times, and the con- 
tractors report that had longer time been 
allowed for the project, the plywood would 
have stood up under many more uses. 


The verdict: “Canadian Douglas fir plywood 
has proved eminently suitable for re-usable 
formwork and sound economies have been 
achieved.” 


= AO EABIOARD 


CANADIAN DOUGLAS FIR 
PLYWOOD 


SEABOARD LUMBER SALES CO. LIMITED 
Seaboard House, Vancouver 1, Canada 


BETTER DELIVERIES 


BROOKES 
DOORS 


Behind every Brookes folding shutter door are delivery 
and after-sales services as efficient and smooth-running 
as the door ttself. 


PRECISION BUILT 


Sheet steel leaves, and framing, jig built; each 
suspension hanger runs on precision-ground ball race 
rollers on spec ial steel top track. 


LONG DURABILITY 


All leaves are of heavy galvanised sheet steel ensuring 
long life without rusting in the dampest conditions. 


LARGE OR SMALL 
From 3 ft. high x 3 ft. wide to 30 ft. high x 50 ft. 
wide—there’s practically no size limit. 


FOR ALL APPLICATIONS 


Lift entrances, bus garages, works entrances, internal 
partitions—all can have the smooth-running security 
of a Brookes folding shutter door. 


SMOOTH OPERATION 


Hand operation is smooth and e asy up to surprisingly 
large sizes; push-button clectrical operationis, of course, 
readily available. 


For information, literature and write to: Dept. BS 
BROOKES & ©. (1925) LTD. 
PRINCESS ART METAL'IWORKS 
129 STOCKPORT ROAD \MCHESTER 12 
TELEPHONE: ARDY ic % 3522 


Brookes also make: Balustvades * Lift enclosuyes 
Metal partitions * Gates and ru lings * Wire Gua 


Canopies 
Cloakroom fittings * Floor ductine 
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PRECAST CONCRETE ENGINEERS 


SITE PREPARA TION ve seucon service 


“Y is designed to meet 
the dual requirements 
of the industrial devel- 
oper and the Architect 
or Consulting Engineer. 
A basic range of single 
storey concrete frames is 
available up to 50 feet span. 
Other requirements can 
be met by special design. 


BELL & WEBSTER LTD 


ESSEX ROAD - HODDESDON - HERTS > HODDESDON (4421 


CONCRETE FRAMES - MULTIPLE GARAGES - SHEDS AND SHELTERS 
FENCING - PYLONS + CABLE COVERS + WINDOW FRAMES 
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above your head? 
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\ N | Canadian Douglas Fir Plywood is rapidly gaining ground 
\5 as the ideal shuttering material. It gives greater design 
\ y ae freedom because the waterproof glue fir plywood panels 


are easy to handle. It cuts costs because it saves labour 


we Sa —reduces complicated joinery to a minimum. Fir Plywood 
— SS (a FE can be reused again and again because itis rugged material 
ou NA) ine era that stands up to the toughest conditions. 
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PATENT GLAZING 


We have a fully qualified staff of technical experts ready 
to help you solve any roofing problems, either for new 


, ge <3 
; : Technical data free 
or existing buildings. J 


The Canadian Fir Plywood Technical Service is available 
Why not let us make a survey and submit detailed draw- to architects, engineers, and contractors anywhere in 
ings, entirely without obligation. the United Kingdom. The technical handbook “Douglas 
Fir Plywood Concrete Form Work” and the “Industrial Fir 


Further information forwarded on request for any of the 
Plywood Handbook” are available, free of charge. 


following:— 


Patent Glazing, Lantern Lights, Metal Casements, Light ? a wn a y Y Y y wy, & 
Constructional Steel Work, Stripping and Recoverin “ ‘D _ i > DT i ) 
Old Roofs, Canopies, Asbestos ayaa Insulation. ; f = ih a || | 0 s fh le 
*FURNISS PATENT GLAZING WILL MAKE ae FF a . u c a a A f u E “ 


LIGHT OF YOUR ROOFING PROBLEMS DOUGLAS FIR L 
F U R | | Ss S & Cc Oo. For technical data or advice in a es 
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Queens Mill Road, Folly Hall, Huddersfield, Yorks. Plywood write to | PMBC EXTERIOR | 
Tel: Huddersfield 4567. PEDRO ait oo nein ones mee O IST ION | HAS WATERPROOF GLUE | 


4 Carmelite Street, London, E.C.4. SS ee, oe a ee ee 4 
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Friars House, Blackfriars, London 
occupied by Central Electricity Generating Boara 
Architect : Robin Seifert, F.R.I.B.A. 


Quantity Surveyor : Thompson & Alexander 
Consulting Structural Engineers : Reinforced Concrete Steel Co. Ltd. 


Contractor : George Wimpey & Co. Limited. 
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One floor of 13,500 sq. ft. 
per seven days — 


OMNIA Concrete Floors contributed 
to the remarkable construction speed 
in this major London office building 


Friars House, London, has a total of 90,000 sq. ft. of 
OMNIA Floors on eight floors, using 29 ft. spans witha 
live load of 120 lb./sq. ft. Spine beams are 
contained within the depth of the floor, giving clear 
soffits without any projecting beams. Erection 

was completed at the rate of one floor per seven 
days—a typical OMNIA success story. 

The OMNIA Floor combines precast and in-situ 
methods of construction and appeals 

particularly to the Architect because it spans 
economically to over 30 feet and gives a level and 
unbroken soffit without camber or bowing. 


Light in weight, yet monolithic 

Needs no shuttering 

Easy to transport and handle 

Quick and simple to erect 

Spans up to 40 ft.—no camber or bowing 
Economical in manufacture and installation 
Adaptable in design and for services 


OMNIA CONSTRUCTION S LIMITED, 121 London Wall, London E.C.2. Monarch 2272/6 


The OMNIA Concrete Floor is available in all parts of 
the country from fifteen Omnia Licensees : 


THE ATLAS STONE CO. LTD., LONDON 
THE BLOKCRETE CO. LTD., SOUTHAMPTON 
F. BRADFORD & CO. LTD., EDMONTON 
BRADLEYS (CONCRETE) LTD., DARLASTON 
G. W. BRUCE LTD., ABERDEEN 

T. C. CAMPBELL LTD., NOTTINGHAM 


COWLEY CONCRETE CO. LTD., ABINGDON 

DERWENT CAST STONE CO. LTD., MALTON 

DUNBRIK (YORKS.) LTD., LEEDS 

EDENHALL CONCRETE PRODUCTS LTD., PENRITH 

HYDRAULIC PRECASTS LTD., NORWICH - 

JAMES K. MILLAR LTD., FALKIRK 

PRESTATYN PRECAST CONCRETE CO. LTD.., 
PRESTATYN 

ST. IVES SAND & GRAVEL CO. LTD., HUNTS 

SAMUEL TYZACK & CO. LTD., SUNDERLAND 
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OFFICIAL APPOINTMENTS 


AIR Ministry Works Designs Branch requires in London 
Structural Engineering, Designer/Draughtsmen for reinforced 
concrete or structural steelwork of all types. Applicants must 
have adequate training and several years experience. Some site 
experience and possession of recognised technical qualification 
an advantage. Financial assistance and time off may be allowed 
for recognised courses of study. Promotion and pension prospects. 
Five day week with eighteen days paid leave per year initially. 
Salary ranges from £680 (at age 25) to £900 p.a. Commencing 
salary dependent on age, qualifications and experience. Appli- 
cants, who must be natural born British subjects, should write 
to Air Ministry, W.G.d., Lacon House, Theobalds Road, London, 
W.C.1, or apply to any Employment Exchange quoting Kings 
Cross 3745, giving age, details of training, qualifications, full 
particulars of former posts held and copies of any testimonials. 
Candidates selected will normally be interviewed in London 
and certain expenses reimbursed. 


ASSISTANT ENGINEER (CIVIL) 


Required for their London Office by the CROWN 
AGENTS FOR OVERSEA GOVERNMENTS AND 
ADMINISTRATIONS for appointment to pensionable 
establishment on probation for two years. Commencing 
salary between £595 per annum at age 21, £830 at age 25, 
and £1,125 at age 34 or over, in scale rising to £1,300. 
Prospects of promotion. Fully qualified officers at least 
27 years of age may be eligible for special increase of £75 
after two years service. Liberal leave. Five day week. 


Candidates must be Corporate members of the Institution 
of Civil Engineers or the Institution of Structural 
Engineers or, if below the age of 28, must have passed 
Parts I and II of the Associate Membership examination 
of the Institution of Civil Engineers or hold an exempting 
degree, or have passed the Associate Membership exami- 
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L.C.C. BRIXTON SCHOOL OF BUILDING 


Full Time Courses in Architecture, Building, Decorating 
and Painting, Structural Engineering and Surveying. 
Sandwich Courses in Structural Engineering and for Higher 
National Diploma in Building cover six months’ study 
at the College and six months’ experience in industry each 
year, for a period of four years. 

Part Time and Evening Courses—Courses for National 
Certificates and for Examinations of the Royal Institute 
of British Architects, Town Planning Institute, Royal 
Institution of Chartered Surveyors, Institute of Builders, 
Institution of Civil Engineers, Institution of Structural 
Engineers, Institution of Public Health Engineers, 
Institute of Quantity Surveyors, and Institute of 
Plumbing; also for National Diploma of Design and 
Incorporated Institute of British Decorators and Interior 
Designers. City and Guilds of London Institute Courses 
in Building Crafts. 

Adult and Post Advanced Courses in Building Admini- 
strations and Higher Technology. 

Enrolment — 12th to 16th September, 1960 (Full-time and 
part-time day courses). 19th to 23rd September, 1960 
(Part-time evening courses). 


L.C.C. HAMMERSMITH COLLEGE OF ART AND 
BUILDING 


Lime Grove, Shepherd’s Bush, W.12. Shepherd’s Bush 3321 
Principal: E. M. Rice, F.R.I.B.A., Dip.Arch. (Leeds). 
Full-time Day Courses.—A full-time day Ordinary National 
Diploma Course is held for the training of students for 
administrative positions in the Building Industry. 
Courses in Structural Engineering and Building and 
Quantity Surveying are also held for students preparing 
for the examinations of the professional institutes. 
Evening and Part-time Day Courses, Building.— Building 
Structural Engineering, Building and Quantity Surveying, 
Estate Agency, Reinforced Concrete Engineering, 
Foremanship, Fabrication of Steelwork. Building Trades. 
—Bricklaying, Carpentry and Joinery (including Esti- 
mating), Masonry, Painting, Decorating and Signwriting, 
Plastering, Plumbing and Welding, Woodcutting 
Machining, Timber Technology. 

Full-time and Part-time Day Courses start 12th September, 
1960. Evening Courses: Enrolment, 19th to 23rd 
September, 6 to 8 p.m. Classes commence 26th September, 
1960. 


STRUCTURAL ENGINEERS 


required in Architect’s Department, L.C.C., salary up to 
£1,250, in : 

(a) Structural Engineering Division.—Extensive pro- 
gramme includes multi-storey flats, schools, offices, 
warehouses and other buildings. 

(b) Structural Engineering Division—To deal with 
applications in respect of special structures under Part IV 
of the London Building Act (A) Act, 1939, and the 
constructional Byelaws. Interesting work involving con- 
sideration of unconventional forms of construction. 

(c) District Surveyors’ Service—Work mainly outside 
involving negotiations with architects, engineers and 
surveyors and supervision of works in progress. — 

Good prospects in all these aspects of the Council’s work. 
Form and particulars from Hubert Bennett, F.R.I.B.A., 
Architect to Council (EK/SE/1638/8), County Hall, S.E.1. 


nation of the Institution of Structural Engineers. They 
must be good draughtsmen and have had experience in 
the design of bridges, buildings or other structures in 
steel or reinforced concrete. Site experience an advantage. 
Candidates must be prepared to spend periods on site 
surveys, overseas in which event special overseas 
allowances are payable. 


Write the CROWN AGENTS, 4, Millbank,’London, S.W.1. 
State age, name in block letters, qualifications and 
experience and quote M2A/42637/SAD. 


THE ARCHITECTURAL ASSOCIATION SCHOOL OF ARCHI- 
TECTURE.—The Council of.the Association invite applications 
for the post of Senior Structures Lecturer, beginning Ist November, 
1960. Salary £1,300 p.a. The appointment requires attendance 
at the A.A. School equivalent to 34 days a week in term time, 
in addition to the time required for lectures. Facilities are 
available for the Senior Structures Lecturer to undertake 
private consultant work. Full particulars of the appointment 
may be obtained from the Secretary, Architectural Association, 
36 Bedford Square, London, W.C.1. Candidates should give 
full information about their academic career and training, 
and the names of two referees. All applications to be submitted 
by Ist October, 1960. 


WESTERN REGION OF BRITISH RAILWAYS require Engineer- 
ing Assistants (capable of supervising Drawing Office Staff) and 
Technical Assistants experienced in the design of reinforced 
concrete and steel bridges and other structures to fill vacancies 
in posts in the salary ranges £1,095 to £1,150, £990 to £1,034, 
and £875 to £948 respectively. Superannuation Fund, reduced 
rates of travel and other concessions ; five day week. Applications, 
giving qualifications, age and experience to, Chief Civil Engineer, 
British Railways, Western Region, Paddington Station, London, 
W.2. 


TECHNICAL Assistants Quantity Surveyors and Draughtsmen 
required for Railway Civil Engineering office in London, with 
experience of civil engineering design work and preferably some 
knowledge of bridge construction. Concessionary rail travel, 
permanency with membership of superannuation scheme after 
probationary period. Salary according to qualifications and 
experience. Apply in writing, giving particulars to Chief Civil 
Engineer, British Railways, King’s Cross Station, London, N.1, 
quoting reference S.86/2. 


Sunderland Education Authority 
The Technical College 


DIPLOMA IN TECHNOLOGY SANDWICH COURSE 
IN CIVIL ENGINEERING 


Applications are invited from prospective students for 
the 1960-61 Session. The course is of Honours Degree 
Standard, carries the full recognition for the Institution 
of Civil Engineers, and involves attendance at the 
College for six months in each of four years. Intervening 
periods are spent in Industry, many firms having agreed 
to co-operate in the provision of practical training. Most 
local Authorities will award grants on the scale used for 
undergraduates. 
Further particulars may be obtained from the Registrar, 
The Technical College, Sunderland, Co. Durham. W. 
Thompson, Director of Education. Education Offices, 
15, John Street, Sunderland, Co. Durham. 
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require 


Attractive salaries 
Pension Fund 
Profit-sharing Scheme 


SITUATIONS VACANT 


CLASSIFIED ADVERTISEMENTS 


The rate per word is 1/- 


2 in. SEMI DiISPLAy £6 Os. Od. 
3 in + Se ete toa OS OCs 
4 in , £01 10s7 Od: 


CLARKE, Nicholls & Marcel require for their new Bristol 
offices, designers, detailers and draughtsmen experienced in 
reinforced concrete. Excellent opportunities in an expanding 
organisation. Positions are pensionable and offer first-class 
experience for those studying for professional qualifications. 
Apply in writing to 10, Apsley Road, Clifton, Bristol, 8. 


CONSULTING Engineer, Bloomsbury, requires R.C. detailers. 
Good salary, bonus, three weeks holiday. J. C. Bianco, 239, 
Shaftesbury Avenue, W.C.2. 


CONSULTING’ Engineers require in th London office 
experienced R.C. designers and designer/detailers; also ex- 
perienced detailers willing to learn design. Five day week, 
good salaries for the right people. Apply in writing to S. Zukas, 
Chief Engineer, John de Bremaeker & Partners, 3, Southampton 
Place, London, W.C.1. 


IMPERIAL CHEMICAL 


BILLINGHAM DIVISION AND HEAVY ORGANIC CHEMICALS DIVISION 


MECHANICAL 

CIVIL 

STRUCTURAL 
_ INSTRUMENT 


Mex 
Basa? 


to m eet a substantial expansion programme involving the layout of new plants and the redesign of existing plants 


Candidates should hold or be studying for a Higher National Certificate or equivalent qualification 
and should have had good practical and drawing office experience. 


Experienced Estimator/Surveyors for Civil engineering and building work are also required. 
All appointments are progressive with excellent prospects of promotion. 


Removal expenses, lodging allowance and assistance 
towards house purchase for married men. 


Write giving brief details of age, qualifications and experience to the Staff Manager, Imperial Chemical Industries. 
Limited, Billingham Division, Billingham, Co. Durham, quoting reference S/GG.4. 
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INDUSTRIES LTD. 


EDWARD A. PITCHER & Partners require experienced R.C. 
designer/draughtsmen. Commencing salary £1,150 p.a.  Pro- 
gressive positions with interesting projects. Five day week. 
Luncheon vouchers. Apply 14, Queenhithe, E.C.4. 


EDWARD A. PITCHER & Partners require the following staff 
for their new E.C.4 offices: Section Leader for R.C. Dept., 
R.C. designers, R.C. detailers, drawing office Junior. Good 
salaries in accordance with experience and qualifications. 


Luncheon vouchers, holidays honoured. Apply 14, Queenhithe, 
E.C.4. 


E. J. COOK & Co. (Engineers) Ltd., require design engineers 
and designer/detailers for reinforced and prestressed concrete. 
Salaries in accordance to ability and experience. Five day week. 
Luncheon vouchers; Pension scheme; Holiday arrangements 
will be honoured. Write or telephone for application forms 
from 54, South Side, Clapham Common, S.W.4. (Macaulay 
5522). 


E. J. COOK & Co. (Engineers) Ltd., have vacancy for designer/ 
detailer in Structural steelwork office, with opportunity to 
gain experience in reinforced concrete work. Salary according 
to experience and ability. Five day week. Luncheon vouchers ; 
Pension scheme; Holiday arrangements will be honoured. 
Apply to 54, South Side, Clapham Common, S.W.4, (Macaulay 
5522). 


ENGINEER to take charge of site investigations and _ soil 
mechanics laboratory required by Consulting Engineers in 
Westminster. Excellent opportunity for well qualified, energetic 
man to secure pensionable post. Write to Box 9104, sTRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 
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SITUATIONS VACANT-continued 


A medium sized Structural Engineering Firm in the Glasgow 
area invites applications for the position of General Manager. 
Applicants must be fully qualified Structural Engineers, capable 
of taking control of the technical and works departments. The 
work is of a varied and interesting nature and every encourage- 
ment will be given to a competent and energetic man. A good 
salary will be offered and the successful applicant will require 
to join the superannuation scheme in operation. Please reply, 
in strict confidence, giving full details of experience, age, etc., to 
1275, Wm. Porteous & Co., Glasgow. 


GRADUATE Engineers and designer draughtsmen of high 
calibre required by well known London Consulting Engineers. 
A high rate of earning available for those with ability. Resident 
Engineers also required. Write to Box 9105, STRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 


HELICAL BAR & ENGINEERING CO. LTD. 


have vacancies in their design office for experienced 


ENGINEERS DETAILERS & 
JUNIOR DRAUGHTSMEN 


The heavy demand for Helibond cold-worked reinforce- 
ment together with the construction of R.C. Frames, is 
creating wonderful opportunities for men with initiative, 
energy and drive. 


Salaries offered 


Engineers—<£1,300 upwards 
Experienced detailers—£1,000 upwards 
Others according to age and experience. 


University Graduates will be considered for some of these 
positions. 


Five day week operating—L.V’s. 
arrangements honoured. 


This year holiday 


Apply in writing giving full details of age and experience 
to :— 
HELICAL BAR & ENGINEERING CO. LTD. 
82, Victoria Street, London, W.1. 


DESIGNER/DRAUGHTSMAN 


required to design and prepare working; drawings of 
structures supporting or housing mechanical plant. 


The structures are mainly of welded mild steel with 
some of aluminium and stainless steel. A sound knowledge 
of structural analysis and the details used in welded 
construction is necessary. 


Applicants with Associate Membership of the Institution 
of Structural Engineers ave preferred but consideration 
would be given to persons who are not qualified by examination 
but possess this type of experience. 


CIVIL ENGINEER 


required to prepare specifications for foundations, drainage 
and building work, to prepare and supervise the making 
of general arrangement drawings and to approve Sub- 
Contractors working drawings. 


Must also possess knowledge of civil engineering contract 
procedure involving building work and be familiar with 
the requirements of Town and Country Planning. 


Associate Membership of the Institutions of Civil or 
Municipal or Structural Engineers is required. 


Please write to Personnel Manager, 


AIR PRODUCTS (GB) LIMITED 
49/50, Poland Street, London, W.1. 


Sp) 


J. H. COOMBS & Partners have vacancies in their London and 
Sunbury offices for senior designer draughtsmen fully experienced 
in multi-storey R.C. framed buildings and capable of handling 
a large contract from start to finish. Vacancies also exist for 
good detailers. Write, stating age, experience and salary 
required to Thames Corner, Sunbury-on-Thames, Middlesex. 


DESIGNER (steelwork) required by rapidly expanding firm of 
Structural Engineers. Applicants must be able to handle 
contracts throughout, and maintain close contact with important 
clients. Age 26 to 40. Good salary plus share in profits. 
Pension scheme and Free Life Insurance. Conder Engineering 
Co. Ltd., Winchester. 


CAXTON REINFORCED CONCRETE LTD. 

Applications are invited for the following progressive 
and permanent appointments to our Engineering Staff 
for a large and varied programme of reinforced concrete 
work. 
(a) Senior Designers.—Min. qualifications H.N.C., with 
some experience in design and a good knowledge of 
structures. Must be capable of handling contracts from 
start to finish without supervision. 
(b) Junior Engineers.—Min. qualifications O.N.C. capable 
of detailing and able to design from outline schemes. 

Pleasant working conditions, good salaries, superannua- 
tion scheme, usual holidays. 

Please write to Chief Engineer, 45, Bedford Row, W.C.1, 
giving brief details of qualifications, positions held and 


present salary. 


TECHNICAL ADVISER 


required for Thermalite Ytong Limited at their Head- 
quarters at Hams Hall, Warwickshire. 
The appointment will be as Deputy to the Chief Technical 
Officer and duties will include giving technical advice 
to ARCHITECTS and CONTRACTORS on the use of the 
Company’s material. A knowledge of Codes of Practice, 
British Standards Bye Laws, etc., necessary and applicants 
should hold A.M.1I.Struct.E., qualifications or similar. 
Age 25 to 30 years. 
The post, which is in rapidly expanding Company, 
offers interesting work and the appointment is progressive 
and pensionable. Apply in the first instance to : 

Personnel Manager (T.S.A.21), 

John Laing & Son (Holdings) Ltd., 


Page Street, N.W.7. 


REINFORCED Concrete Designers and Draughtsmen with 
knowledge of building construction, required by Pre-cast 
Concrete Specialists at their Head Office near Guildford. Varied 
work with good prospects, superannuation, etc. Salary by 
arrangement according to qualifications and experience. Apply 
to: The Senior Structural Engineer, Marley Concrete Ltd., 
Peasmarsh, Guildford, Surrey. 
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DESIGNER / DETAILERS 


REINFORCED CONCRETE 
THE MODULAR CONCRETE CO. LTD 


Have vacancies in their Engineering Department for 
Designer/Detailers on interesting reinforced concrete 
work, both insitu and precast. Previous experience with 
specialist firm in this field desirable, but not essential. 
Working conditions are first-class. Basic salary up to 
£1,100 according to experience. Profit sharing bonus 
scheme after a probationary period. Superannuation 


Scheme. Subsidized canteen. Five day week. 


Positions are progressive and offer excellent experience 
to energetic men interested in developing up-to-date 
techniques of design and construction. 


Please apply in writing, stating age, training, experience 
and present salary to : 
Personnel Manager, 
1258-60, London Road, 
Norbury, S.W.16. 


RTB 


Applications ave invited from men, aged between 20 and 
35 years, for positions as 


JUNIOR 
CIVIL ENGINEERS 


These posts offer excellent opportunities for young men wishing to gain 
site and design experience of heavy civil engineering, and will be within 
a site office organisation engaged on varied and interesting projects in 
the iron and steel industry. 


Candidates should hold a degree or H.N.C. in civil engineer’ng. 


Application forms are available from 
The Manager, 
Staff & Labour Relations Department, 
Richard Thomas & Baldwins Limited 
Redbourn Works, Scunthorpe, Lincolnshire 
and should be returned by Saturday, 13th September, 1960. 


T. HARLEY HADDOW & PARTNERS 


Consulting Structural Engineers require Engineers for 
new Glasgow office at 241 West George Street. Interesting 
and varied work in reinforced concrete, steel and timber, 
including multi-storey developments. 


Senior Assistant—A.M.I.C.E. or A.M.I.Struct.E. Salary 


range £1,000 to £1,500. 

Assistant—Graduate I.C.E. or I.Struct.E. Salary range 

£550 to £900. 

Write, stating age, experience and salary required to :— 
T. Harley Haddow & Partners, 


29 Chester Street, 
Edinburgh 3. 
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CLASSIFIED ADVERTISEMENTS 


The rate per word is 1/- 
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STRUCTURAL ENGINEERS 


Consultants in West London require two first class 
designers to take charge of project and contract work. 
Experience essential in Reinforced Concrete Frames, 
Foundations and a knowledge of Piling and Steelwork 
would be an advantage. (Membership of Professional 
Institutions desirable). 


Salary £1,400 per annum minimum. Pension and 
Assurance Scheme. Modern offices and programme of 
interesting and varied buildings. Present staff aware of 
advertisement. 


Apply Box 9092, STRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 
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A. MONK & COMPANY LTD. 


CIVIL ENGINEERING & BUILDING CONTRACTORS 
PADGATE, WARRINGTON 


Design Engineers required for head office design depart- 
ment. Applicants should have experience in R.C. design. 
General Civil Engineering design experience, e.g. form- 
work, cofferdams and temporary works would be advan- 
tageous but is not essential, as suitable applicants will be 
able to gain experience in these spheres. Opportunities 
for visiting sites, investigation of foundation problems 
and carrying out of laboratory tests on concrete and soils. 
Permanent and progressive posts with Superannuation 
Scheme. 


Apply Personnel Manager at the above address. 


STRUCTURAL ENGINEER 
EXCEPTIONAL OPPORTUNITY 


Consulting Civil Engineers, Westminster, require a fully 
qualified structural engineer with wide experience for 
position as chief designer in reinforced and prestressed 
concrete and structural steelwork, including bridges and 
buildings. Knowledge of modern bridge design essential. 


Prospects of partnership interest in firm. 
Write in confidence, stating age and full details of 


experience and qualifications. Box 9095, STRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 
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George Cooper & Sons 


PROPRIETORS THOS. W. WARD LTD. 
EFFINGHAM NUT & BOLT WORKS 


SHEFFIELD 


Phone: 41026 Grams : COOPER 


C7 


REINFORCED Concrete Designer/Detailer required, at least 
four years experience, preferably qualified, age, salary and 
experience to, Sir Bruce White, Wolfe Barry & Partners, 1, 
Lygon Place, Grosvenor Gardens, London, S.W.1. Tel. Sloane 
3433. 


REINFORCED Concrete Designer/Detailers urgently required. 
Permanent positions, excellent opportunities. Pension scheme. 
and Profit Sharing Bonus. Tel. Rel. 6966. Ref. J.L.D. 


REINFORCED concrete detailers required by Leonard & Grant 
in their South London drawing offices. Only top men should 
apply. High salaries. Interview by appointment. Phone 
TATe Gallery 8496. 


R. C. DESIGNER/detailers and detailers required in Hammersmith 
office of Consulting Engineers. High salaries and good prospects 
with interesting work. Five day week; Pension scheme ; 
Holiday arrangements honoured. Apply in confidence with full 
details of experience and salary required to Alan Marshall & 
Partners, Federal House, 2, Down Place, W.6. Tel. RI Verside 
8771. 


SENIOR Structural Engineers, experienced in R.C. design, and 
Chartered, for permanent responsible posts in expanding firm 
of Consultants. Holidays honoured. Top salary, bonus, L.V’s., 
sickness and pension scheme. H. L. Waterman & Partners, 
84, Eccleston Square, S.W.1. Tel. : TAT 9157. 


STRUCTURAL or Civil Engineering designer required for 
Head office appointment. Experience in reinforded concrete 
design, foundations and industrial structures an advantage. 
Permanent position with good salary, bonus scheme and entry 
into Superannuation Scheme after 12 months service. Good 
opportunity for qualifying as A.M.I.C.E. and A.M.I.Struct.E,. 
Write giving age, qualifications and details of experience to 
The Mitchell Construction Company Ltd., Wharf Works, 
Peterborough. 
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STRUCTURAL Steelwork designer with a good knowledge of CLASSIFIED ADVERTISEMENTS 

light structures as well as conventional steel design required by 

Consulting Engineers. Five day week, pension scheme, holiday The rate per word is 1/- 

arrangements honoured. Apply stating full details of experience F 

and salary required to Alan Marshall & Partners, Federal 2 in. Semi DISPLAY... wos) OLE OS as 

House, Down Place, W.6. ete Ex ance. ROOD 
4 in. be sa weet LT dss 0d: 

SHOTBLASTING 


SHOTBLASTING, Metal Spraying, Coating, Epikote, Araldite, 
P.T.F-E., P.T.F.C.E., Polythene, P.V.C., Neoprene and Hypalon 


SALES DIRECTOR REQUIRED coatings applied on site or at works. Loyne Ltd., Margaret 
Street, Ashton-under-Lyne, Lancs. Tel. ASH 4551/2/3. 


(London Structural Engineers) 


FOR SALE 

Wanted by old establisted London Company, man of PELS Punching and Bar Cropping Machine for sale. Steel plate 
outstanding organising ability with thorough knowledge frame. Punches 1” diameter through }” plate. Depth of punch 
: E J ; gap 20”. Crops round bars up to 14” diameter; flat bars up to 
of the structural trade. 5” x 1”. Hand or treadle stop motion. Arranged motor drive 
400/440/3/50. Weight about 5 tons. F. J. Edwards Ltd., 359, 

Applicants required to have had long experience in Euston Road, London, N.W.1, or41, Water Street, Birmingham, 3. 
dealing with Architects and Consultants. TWO Overhead Travelling Crane units, 5ton and 20 ton 
capacity : motorised for 400/3/50. Makers Clyde Crane Co. 

Salary commensurate with qualifications but most liberal Excellent condition. £850 the two. Chamberlain Plant Ltd., 


terms offered to first class successful applicant. Apply Crown: Works, Southenty eed =e 


with fullest particulars of experience in strictest confidence TUITION 

direct to The Chairman, if desired under nom de plume. GUARANTEED Coaching for Inst. Struct. Engrs., Inst. Civ. 

Write to Box 9096, STRUCTURAL ENGINEER, 43a, Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
' a qualified tutors. Also courses in all aspects of Building, Engi- 

Streatham Hill, S.W.2. neering, Draughtsmanship, etc. No books to buy. Write for 


FREE Prospectus stating subject to I.C.S., Intertext House, 
Parkgate Road (Dept. 423), London, S.W.11. 
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SITE INVESTIGATIONS 
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Ne 
SURVEYS 
for pre-foundation testing 


Pre-Piling Surveys Limited offer a complete service for all types of ground testing. 
Their pioneering activities in connection with in-situ methods are well-known and 
they also offer a fully comprehensive laboratory service using the latest equipment. 
The name of the Company is generally associated with the ‘Deep Penetration’ 
test—a technique mainly used to gather piling data—but which is also valid for 
the solution of many other foundation problems. 

A combination of deep penetration tests and boreholes, in conjunction with a 
small amount of laboratory testing, will enable a very clear assessment of the 
ground conditions beneath a site to be established. This combined approach to 
a site investigation will allow the survey to be carried out quickly, and perhaps 
more important, economically. 

Pre-Piling Surveys give a full consultancy service on any subject connected with 
ground testing and their Representatives are available to travel anywhere at short 


notice. 
PRE-PILING SURVEYS LIMITED 
28, Victoria Street, Westminster, London, S.W.1. ABBey 4925 


PLANT DEPOTS IN LONDON LEEDS AND SOUTH WALES 


Our latest brochure is available for those Engineers and Architects 


who would like to know more about the activities of Pre-Piling Surveys Limited. Becae 


CNC 


DOA 


line 


BRE 
FABRIC 


WITHIN A FLOOR SLAB 


fulfils the engineers’ 
requirements accurately 


Mechanical perfection in the manufacture of 
BRC electrically welded fabric reinforcement 
ensures that the exact sectional area per foot 


width is always maintained. 
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